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The Madras Governtught Ti 

ver scheme depengs on nydro- 
‘Stations such as Mettur Dam ~ 7 
Metrovick  genetftors, _ transformernses 
Switchgear and pftAtective apparatus, etege 
are used exteSively on the syst¢t 
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Photograph by courtesy of the South of Scotland Electricity Board 


System 
reinforcement 
in Ayrshire 


Reyrolle 33-kV small - oil - 
volume circuit - breakers 
now in commission at 


Coylton 132/33 -kV sub - station 


Reyrolie 


A. REYROLLE & COMPANY LIMITED HEBBURN, COUNTY DURHAM, ENGLAND 
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Equipment for Hydro-Electric Power Stations 


Valve chamber with rotary slide sphériques Caseghine barrage installations; gates 


valves as turbine shut-off 


Dlisted nies and hoisting equipment, gantry- and 
overhead travelling cranes, trash screen 
cleaning machinery ; sluice gates; control 
valves for high pressure conduits; auto- 
matic safety organs for pipe lines; dis- 

DE RO LL charge regulating valves, rotary valves 
with rotary-piston servomotors, needle 
valves, butterfly valves, high pressure 
fittings, piping systems for oil and coo- 

Louis de Roll, Ironworks Ltd., ling water plant; funicular and aerial 

Works at Gerlafingen, Klus, cableways for passenger and goods trans- 

Choindez, Rondez, port; building machinery for dam-build- 

Olten, Berne (Switzerland) ing work. 
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3IRITISH ROPEWAY ENGINEERING CO. LTD 


4 


BRECO 7} ton, Standard Single Motor Radial 
Travelling Cableway, installed in Colombia 


for the construction of the Anchicava Dam 


BRECO Ropeways and Cableways have been supplied 
and installed for operation under most extreme 

climatic and topographical conditions throughout 

the world. 

BRECO— Sole Manufacturers of * Travelift ° Cableways, 
outside the North American Continent 

‘Travelifts ° are especially suited to high speed 

heavy construction work. 


Literature available on request 


—_—$[—$—__—_—$ $a} 


Plantation House, Mincing Lane, E.C.3, Tel: Mincing Lane 7901, Tel. 


Address: Boxhauling, Fen, London, 
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Inside the spiral casing of the first Kaplan turbine at 
OWEN FALLS. This casing has an inlet diameter of 
21 ft. The turbines, of which there will be ten ultimately, 
each develop 22,500 BHP at 62 ft. nett head. 


& COMPANY LIMITED 
56, KINGSWAY, LONDON, W.C.2. 


ZEALAND : INDIA : PAKISTAN 


LONDON : AUSTRALIA 
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Many of the rivers of Spain and France rise in 
the High Pyrenees. Their waters are harnessed to 
supply electric power for railways, for industry 
and for the domestic supply of the surrounding 
countryside. Here, at Artias, where the River 
Garonne leaves Spain for its long flow through 
France, Sociedad Productora de Fuerzas Motrices, 
S.A. have built a new power station. It is 3,700 ft. 
above sea level, and in it BTH equipment is once 
again used to help harness the power of natural 
resources. 





Power for Spain by 


EQWIP HM Ewe 
































General view of the power station 
and the penstock. 











One of the two BTH generators on test at Rugby Works. 


Two 42,500-kVA, 600-r.p.m., 11-kV generators 
have been supplied by BTH, each driven by two 
single-jet Pelton turbines supplied by Ets Neyrpic, 
Grenoble, one wheel being overhung from each 
end of the generator shaft. These turbines operate 
under a head of 2,600 ft. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 
Member of the AE/ group of compenies 
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Roof bolting with the 
Holman Impact Wrench. 


eae 
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MINERS are finding this latest newcomer to the the minimum of torque reaction to the operator. It 
Holman Pneumatic Tool range an extremely useful aid gives a more powerful turning effect than any other portable 
in roof bolting, especially when used in conjunction torque-type wrench. Wherever time and money can be 
with the famous Holman Dryductor Drill. Built to 7 saved by speeding the tightening or removal of nuts 
the high engineering standards of all HOLMAN tools, | and bolts there is a job for the Holman Impact 


it is compact, light and easy to handle, transmitting Wrench. May we send full details ? 


IMPACT WRENCH Size 404, powered by 
Holman Vane Type Motor. Suitable for 
3-in. heavy duty and I-in. normal duty. 
Output Spindie takes I-in. square drive 
chucks. Length 16 in. Weight 21 Ib. 


ROCK DRILLS - AIR COMPRESSORS + PNEUMATIC TOOLS 





HOLMAN BROS LTD., CAMBORNE, ENGLAND - TELEPHONE: CAMBORNE 2275 (IO LINES) * TELEGRAMS: AIRDRILL, CAMBORNE 
HEI4A 
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A good job, well done... 


Many thousands of feet of exterior steel surfaces at the 
Abbey Works of the Steel Company of Wales Limited are 


coated with **Bitumastic”’ products. Just one example of the 
extensive use of these coatings in industry today. 


Why not drop us a line for a copy of our latest brochure ? 


BIVuvumasirtre 


Anti-Corrosive SOLUTIONS & ENAMELS a ative Wyull 


WAILES DOVE BITUMASTIC LTD - HEBBURN - CO. DURHAM H130 
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SIEMENS 






Tradition - a living force 




















Sober statistics can never show the living forces of tradition which 
are one of the most valuable assets of the House of Siemens. These 
include a technical experience not to be found in any textbook or to 
be learnt at any university. Furthermore, the concept of “tradition” 
includes the driving forces behind the thriving growth of an enterprise, 
expressed in the satisfaction of a job well done, in the intensity of 
research and in the sense of responsibility. 
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The construction of large generators and motors is one of the classical 
examples of a manufacturing process based on well-established tra- 
ditions. Ever since Werner Siemens built his first dynamoelectric machine | 
in 1866, generations of workers and technicians have worked untiringly 
on the exploitation of the electro-dynamic principle. To-day the | 
Siemens-Schuckert generators supply a million times more power than 
the first machine in 1866. 
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Dynamoelectric machine built 
by Werner Siemens in 1866 





SIEMENS & HALSKE AG- SIEMENS-SCHUCKERTWERKE AG 


4)30 | BERLIN+MUNCHEN-ERLANGEN 






1956 
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Huwood Conveyors are in wide use, not only in Britain but throughout 
the world—one of their most important applications being in the work of 
dam building for hydro-electric schemes. 

They have been chosen because they offer the highest degree of adaptability 
to varying’ sites, the utmost reliability, and the minimum of routine 
maintenance. 


er 


Some hydro-electric schemes at which Huwood Conveyors 
have been, or are being used— 





SCOTLAND. Tummel Garry - Loch Sloy - Errochty Dam [ 
Lawers Dam 

AFRICA. * Owen Falls - Uganda a. 

INDIA. Hirakud Dam Project 


HUGH WOOD & CO. LTD. 


Head Office and Factories - GATESHEAD-ON-TYNE, II 
Industrial and Export Office 


HUGH WOOD & CO, LTD., DASHWOOD HOUSE, 69 OLD BROAD. ST., LONDON. £.C.2 
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12 Spindle Speeds 
800 feet Capacity 


Core Diameters up to 
3 inches 


Automatic Pressure 
Controlled Feed 





CRAELIUS COMPANY LIMITED 
12 CLARGES STREET, LONDON, W.1! 


Telephone: Grosvenor 1378/9 Telegrams: Craelius, London 


THE CRAELIUS 


THE SWEDISH DIAMOND ROCK DRILLING CO., STOCKHOLM; THE ELECTRICAL PROSPECTING CO., STOCKHOLM ; 


Associated Companies 
SOCIETE ANONYME CRAELIUS, PARIS. 


EAST AFRICAN DRILLING CO. LTD., NAIROBI ; 
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IN KOREA - 
REBUILDING STARTS WITH 
ENGINEERING... 















74 New Montgomery Street * San Francisco, California, U.S.A 


A subsidiary of Morrison-Knudsen Company, Inc 


Severely damaged by war and « rosion, 
South Korea’s Hwachon Dam has been 
a potential threat to the safety of 
people and property in the Han River 
Basin and the capital city of Seoul. 


Rehabilitation of this large concrete structure is now in progress under 
the supervision of International Engineering. Result —life and property 
will again be secure ... an important source of power for industrial 
rehabilitation added, the country’s entire economy strengthened 


Engineering projects of unusual scope and complexity are a specialty 

of International Engineering, a company whose experience record 
since the end of World War II includes the engineering of more than 20 
large-scale dams and power projects throughout the free world. 

Their engineering services — from survey to supervision of construction— 
are available to governments and private enterprise world-wide. 





COMPLETE INFORMATION about the 
International Engineering Company is contained 
in an illustrated 16-page brochure 

write to Dept. D-2 for your copy today 








Representatives: ENGLAND: 47 Victoria Street, London S.W. 1. * CANADA: 1111 W. Georgia Street, Vancouver, B.C 
TURKEY: Morrison-Garanti, Box 281 


Adona * PAKISTAN: P.O. Box 4851, Karachi 
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Factg ru .* f Aluminium 


Conductors for your guj tw booklet. Write 


FERAL CABLE 


Feeding power to consumers the world over 


AB SVENSHA METALLVERHEN 


Head Office and Sales Centre: Vasteras, Sweden 
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The Switchgear 

with EXCEPTIONALLY 
SMALL SPACE 
REQUIREMENTS 


BV Unit with Hand-operated 
mechanism 
interior of tt 
an Each circuit-breaker is 
mounted on its own truck 


ifthe needisfor — ° cde cheno 
SWITCHGEAR 


-and what electrical development scheme does not call for 
switchgear, ‘ Ferguson Pailin’ can supply the need. Our tvpe 
‘BV’ switchgear, built for 11kV service, is universally known 
and might almost be said to set a standard for its class. It 
possesses all the accepted desirable features, being the result of 
continuous development over many vears. 





BV switchgear 1s designed for extension to small 
or other switch units/isolators as required. The 
illustration shows a BV unit combined with a 
tvpe IB isolator. 


Typical ‘BV’ Switchboard with spring-operated mechanism 


pergpne BY SWITCHGEAR 


Ferguson Pailin cwmiteo 


the AEs Group of Companies 
Head Office & Works: HR. OPENSHAW MANCHESTER 11, Tevephone OROyisden 1301 (Pte Branch Ex) 
LONDON OFFICE Bush House. Aldwych. WC2 BIRMINGHAM OFFICE Windsor House, 656 Chester Road. Erdington. 23 GLASGOW OFFICE Central Chambers. 109 Hope Stree: C2 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 
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The Painter’s View 


on Py = = 
YANN © = 


Preeze, freeze, how tiller shy 


OT yet are there any power lines in the icy 
regions of the poles, but, if the demand 
came, the severe climatic conditions would be just 
another natural hazard to be overcome by Painter 
Brothers’ engineers because they are specialists. 
Because we have always been Tower Specialists 
and have developed our own fabrication methods 
which ensure accuracy and interchangeability ; 
because we have had nearly thirty years’ experi- 
ence of hot dip galvanising, and because we have 
our own Tower Testing Station to prove the 
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behaviour of structures under every sort of 
loading condition, Painter Brothers’ towers are 
Towers of Strength. 


Painter Bros. Ltd. 


HEREFORD ant 
\ 


Overhead Electrical Transmis- 
ston Towers and Poles; Radio 
Masts; Callender-Hamilton 
Bridges. 











FERRANTI 


TRANSFORMERS 


for the DAMODAR VALLEY 


HYDRO-ELECTRIC SCHEME 


One of the three 20,000 kVA ON/OFB 3 phase 50 cycles 132/66-33 
kV Ferranti Transformers with on-load tap changing gear on site. 














FERRANTI 
TRANSFORMERS 
ARE FAMOUS 
THROUGHOUT 
THE 
WORLD 





With a capacity of over 5 million kVA per annum the 





Ferranti Transformer Factory at Hollinwood produces 
Power Transformers of the highest voltage and rating for 
vast engineering projects all over the world. Amongst these 
projects is the Damodar Valley Hydro-Electric Scheme for 
which Ferranti Ltd. have supplied 


Two 


Two 





——— 


FERRANTIO LTD =. 


London Office: 


nee 





20,000 kVA ON/OFB 3 phase 50 cycles 
132/66-33 kV Transformers with on-load 


tap ae ear, 
10,000 kVA 6N/OB 3 phase 50 cycles 132/33 
kV Transformers with on-load tap changing 


ear, 
e kVA ON 3 phase 50 cycles 132/11 kV 
Transformers with on-load tap changing gear. 
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HOLLINWOOD: - LANCASHIRE 


KERN HOUSE, 36 KINGSWAY, W.C.2. 
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of the world! 


Many of the world’s greatest hydro-electric power 


developments depend on equipment designed and 





fabricated by Canadian Vickers. 
In addition to the examples shown here, Canadian Vickers 
builds Spillway Gates, Head Gates, Stop Log Hoists, 
Trash Racks, Butterfly Valves, Lock Gates, and a 
wide range of other equipment. 
World-wide experience, and unequalled craftsmanship 
and facilities, are available to solve any problem connected 


with water-power and water-way projects. 
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MONTREAL LIMITED 


IW) Ltt | ~om creme 


PEGULATING Gates 
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TOBACCO JARS AND DOOR KNOBS 


If ceramic door furniture, hermetically sealed tobacco jars, and lamp containers for 
silversmiths had not been the fashion in the ‘sixties’, Taylor, Tunnicliff would not be 
making the world’s finest porcelain insulators today, for it was this demand for 
precision pottery that brought together Thomas Taylor, an engineer, and William 
Tunnicliff, a potter. They combined their separate skills to manufacture the 
ceramic parts with greater precision than was hitherto possible. 


From the beginning they were successful, and owing to the foresight and 

determination of Mr. Taylor, who in the late nineteenth century saw the future of 
this new electricity, laid the foundations of the industry that today have made 

Taylor, Tunnicliff masters of porcelain insulation. 





OVERHEAD LINE INSULATORS 

SWITCHGEAR INSULATORS 

BUSHES AND BUSHINGS 

DIE MADE ARTICLES FOR LOW VOLTAGE APPLICATIONS 
CERAMICS FOR RADIO FREQUENCIES 

REFRACTORIES FOR HEATING APPARATUS 

FISH SPINE BEADS, ETC. 














TAYLOR TUN NICLIFE F AND COMPAN Y LIMITED 





a 


Head Office : EASTWOOD, HANLEY, STAFFS. 
Stoke-on-Trent 25272-5 ‘ 


London Office : 125 HIGH HOLBORN, W.C.1 
Holborn 1951-2 
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The Kaplan turbines installed at 
the Birsfelden Power Station, which 
are amongst the largest in Europe, 
each have a maximum output of 
30,000 HP. The two Escher Wyss 
units are designed for the following 


data: 

Head 4.06—9.45 metres 
Quantity of water 300 cub.m/sec 
External runner diam. 7.2 metres 


Hydraulic pressure on 
each of the 4 blades 100_ tons 


Centrifugal force of 
1 blade at 68.2 rpm 120 tons 


ESCHER WYSS Ltd., 


ZURICH (SWITZERLAND) 





ESCHER WYSs 








FOR PUMPING PLANTS AND IRRIGATION 


FOR AQUEDUCTS 





FOR CIVIL - AGRICULTURAL 
AND INDUSTRIAL USES 
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ELLIZZH 





ELECTROMECHANICAL 
INDUSTRIES 





Works: ARZIGNANO VICENZA LONIGO MONTEBELLO MONTECCHIO italy 











IN THE MANUFACTURE OF 
ELECTRICAL APPARATUS 
FOR HYDROELECTRIC AND THERMOELECTRIC 
POWER PLANTS, TRANSFORMATION AND 
CONVERSION SUBSTATIONS, CHEMICAL 
AND INDUSTRIAL PLANTS INCLUDING 
STEEL MILLS, OIL REFINERIES, PAPER 
_ FACTORIES, WARSHIPS AND MERCHANT SHIPS 








MAGRINI... 


BERGAMO (ITALY) - Vial. Magrini, 7 Phone 22168 
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FRANCIS— 
KAPLAN- 

PELTON- 

TURBINES | 


| 
Automatic governors, closing devices | 


| 
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“VOLPATO” 


COMPLETE EQUIPMENT FOR H.V. LINES FROM 30 KV TO 380 KV 
SUB STATIONS AND POWER PLANTS . COMPRESSION MATERIAL 


HIGH-GRADE SPECIALIZED MANUFACTURERS — 35 YEARS OF EXPERIENCE 
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TOTAL EQUIPMENT FOR THE LONGEST 220 kV OVERHEAD LINE | 
IN AFRICA - Connecting Haut Katanga (Belgian Congo) to Northern 
A Rhodesia - (Le Marinel - Jadotville - Kitwe) Twin Conductors - 500 km 





SOC, ELETTRO-MORSETTERIE VOLPATO - VIA B. CAVALIERI. 3 - MILANO - ITALY 
7 CATALOGUES AND PRICES ON REQUEST 
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Speed governor 


is the only one 
allowing exact control of the effects 
of the accelerometer and tachometer 


during operation. This particular 





quality makes the VEVEY governor 
a modern apparatus insuring great 
sensitiveness in speed regulation 
combined with improved running 


stability. 














Ateliers de Constructions Mécaniques de Vevey SA 


| 
| Vevey Engineering Works Ltd. 


Vevey Switzerland 


Complete equipment for the utilisa- 
tion of water power 
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Harnessing 
Water 











For Hydro-Electric installations 
South Durham Service is complete 

It embraces the design, manufacture, installation and final test of all Piping 
supplied. The advice and experience of our technical staff and drawing office 
are readily available for the assistance of engineers engaged in the planning of 


Hydro-Electric projects. 





Illustration shows Hydro-Electric pipeline—erected, welded and tested by 
South Durham for the Hydro-Electric Project at Vila Nova, Portugal 


SOUTH DURHAM 


SOUTH DURHAM STEEL & IRON CO. LTD., (incorporating Cargo Fleet Iron Co. Ltd.) 
Malleable Works, Stockton-on-Tees, Co. Durham. Telephone: Stockton 66117. 
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HOW THEY DROVE A 4-MiLE 


UNNEL FROM 


CAVADO TO CANICADA 


lo achieve a greater degree of industrialisation, Portugal 
is in the middle of the greatest water-power development 
programme ever undertaken in that country. One of 
these hydro-electric schemes, the Canigada project on the 
Cavado River in northern Portgual, has now been com- 


pleted and came into operation in May 1955. 


THE DRILLS THAT DID THE JOB 

Through a tunnel 24,547 ft. long and 415 sq. ft. in area, 
the water of the Cavado River now flows into an under- 
ground power house at Canigada which has an installed 


generating capacity of 64,000 kilowatts. This tunnel, plus 


a network of access tunnels, junction and access shafts, 


















meant the excavation of nearly 400,000 cu. yds. of rock. 


It was driven exclusively with Atlas Copco light rock 
drills fitted with Sandvik Coromant tungsten-carbide- 
tipped steels. This drilling unit was also in action building 
roads and quarrying rock for the Canigada Dam, 249 
ft. high with a volume of 117,000 cu. yds. 


IN ACTION ON OTHER PROJECTS 
Besides the 150 Atlas Copco rock drills and the many 
thousands of Sandvik Coromant steels that worked on 
the Canigada project, Atlas Copco were also asked to 
supply a number of Atlas Copco AR 3 compressors to 
power drilling and other equipment. 


Sectional drawing of the Canigada project 
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With the completion of the Cani¢ada project much 
of the Atlas Copco equipment was transferred to 
another hydro-electric scheme, the Picote project. 
And on the Paradela project, also on the Cavado 
River and expected to be completed by 1957, Atlas 
Copco equipment is again being extensively used. 


ATLAS COPCO ONE-MAN DRILLS 


Atlas Copco drills and Sandvik Coromant steels 
were introduced as a lightweight, tungsten-carbide 
drilling unit ten years ago. In that time it has been 
chosen to work on many of the world’s biggest 
construction projects in preference to heavy bar- 
rigged drifters. Atlas Copco drills are small, com- 
pact, and therefore light enough for one man to 
handle alone. This obviously means a reduction in 
drilling crews, leaving the face clear to put more 
drills into action at one and the same time. More 
drills mean faster drilling times per round. 


EXTRA-TOUGH COROMANT STEELS 


Atlas Copco rock drills were developed to work 
with Sandvik Coromant steels. Sandvik, to main- 
tain a never-varying drill steel quality, control 
every phase of production—from the mining of 
iron ore, processing of wolfram ore to the final, 
extra-tough tungsten-carbide inserts used through- 
out the world wherever Atlas Copco drills are in 
action. 


The services of the Project Department of Atlas 
Copco, whose job is to draw up drilling patterns 
and to advise on tunnelling and mining tech- 
niques, is at the disposal of contractors everywhere 
without obligation. 





1 


This Atlas Copco AR 3 compressor was installed at the head 

of the tunnel’s access shaft. Atlas Copco equipment and 

Sandvik Coromant steels are being widely used on Portugal's 
major hydro-electric projects 


TH E 


MtlasCopco GR o 


8 of Stationary and Portable Compressors, Rock 


Vanu facturer 
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Atlas Copco light, one-man rock driils fitted with Sandvik Coromant tungsten-carbide- 

tipped steels in action on the 4-mile Cavado-Canicada tunnel. Tunnelling is taking 

place from a jumbo, a mobile drilling platform designed by the Project Department 
of Atlas Copco 


Atlas Copco equipment and Sandvik Coromant steels, the most 
widely-used rock-drilling combination, are in operation on major 
construction projects all over the world. Here are a few: 


NORWAY ° Hol TURKEY ~ Sariyar 
EGYPT » Assuan PHILIPPINES © Ambuklao 
SCOTLAND ~- Breadalbane CANADA ~ St. Lawrence Seaway 


BRAZIL Paulo Afonso AUSTRALIA © Snowy Mountains 


INDIA ~ Bhakra-Nangal SWEDEN ~ Stornorrfors 


SWITZERLAND © Mauvoisin and Grand Dixence 

The Atlas Copco Group puts compressed air to work for the world. 
It embraces thirty-one Atlas Copco companies and twenty-four 
agents, manufacturing or selling and servicing Atlas Copco equip- 
ment in more than 50 countries throughout the world. 


For further technical information about Atlas Copco Rock Drills 
and Sandvik Coromant Steels write to the most convenient of the 
addresses given here: 


UNITED KINGDOM, Atlas Copco (Great Britain) Ltd., Wembley. Middx.. 
FRANCE, Atlas Copco France, S.A., 29 Rue Marbeuf, Paris 8e; HOLLAND. 
Atlas Copco Holland N.V., P.O. Box 6056, Rotterdam; rmaty, Atlas Copco 
Italia S.p.A., Viale Marche 15, Milan. 


CANADA, Atlas Copco Canada Ltd., Montreal, A.M.F., P.Q.; AUSTRALIA. 
Atlas Copco Australia Pty. Ltd.. P.O. Box 54, Auburn, N.S.W.; SOUTH 
AFRICA, Delfos & Atlas Copco (Pty) Ltd., P.O. Box 504, Benoni, Transvaal; 
u.S.A., Atlas Copco Pacific, Inc., 930 Brittan Avenue, San Carlos, California: 
Atlas Copco Eastern, Inc., P.O. Box 2568, Paterson 2, N.J. 


Readers in countries outside those listed above and who do not know the 
name of their local Atlas Copco company or agent, please write to Atlas 


Copco AB, Stockholm 1, Sweden. 
y F O F cc OF. SM PA HR FF EB S 
-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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HYDRAULIC STEEL CONSTRUCTION 


Dukerline, 2.6 m. in diameter } 
Difference in level 800 m. for a Power 
Station of the ‘* Vorariberger |Il-Werke 
A.G.” in Galtur in Vorarlberg, Austria, 








WEIRS, SLUICE GATES AND REGULATION GATES 
MOVABLE AND STATIONARY SCREEN CLEANING MACHINES 
SURGE TANK EQUIPMENT 

UPSTREAM AND DOWNSTREAM STOP LOGS 

BOTTOM OUTLETS AND INTAKE GATES 

ELECTRICALLY WELDED PRESSURE PIPELINES 

FOR WATER POWER STATIONS 


WAAGNER- BIRO 


KTIENGESELLSCHAFT 
wiecEnN GRATZ | 


Head Office...WIEN V., MARGARETHENSTRASSE 70 


—_ 
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Francis Runner 


in +GF+ Electric Steel 
Grade COR 13.65 

13% Chromium, stainless 
Weight 14 tons 


+GF+ 


Diameter 11 feet 


the Steel Foundry Nearly fifty years of experience in 


this field and modern foundry equip- 


for ment with latest non-destructive 
testing methods guarantee the qua- 


Waterturbine Runners lity of our castings. 


George Fischer Limited, Schaffhausen, Switzerland 


Telephone: (053) 56031 / 57031 Telegrams: Geofischer 


Sg 60430/4 
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25000 HP horizontal shaft Francis-Turbine 


WAT 


TH. BELL & CO. LTD., KRIENS-LUCERNE/SWITZERLAND 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 














Above: Pragneres: Head |,252m. 
Flow 146m 3/sec. Diam. 2°25 to 1|*6m. 
Power 200,000 h.p. 


Left: Pragneres: Self-hooped Penstock 
Teleferic max. load 15 Tons 
max. span 550m. 





ETABTS: BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 
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A height of retention of 5 metres and 40 metres clear 
width are the characteristic dimensions of the largest 
fishbelly flap hitherto built. This type of gate is the | 
result of elaborate tests in MAN’s own laboratory, 
where actual site conditions can be reproduced to scale. 





mM -A>RNi 
HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NUERNBERG AG.- GUSTAVSBURG WORKS - GERMANY 


SOLE REPRESENTATIVES FOR GREAT BRITAIN, BRITISH COLONIES, AUSTRALIA AND NEW ZEALAND 


W. WYKEHAM & COMPANY LIMITED, 
17.19 Cockspur St., Trafalgar Sq., London, S.W.1 * Cables: ‘Wycotraf” - Telephone: Whitehall 5307 - Telex: London 2448 
AUSTRALIAN BRANCH: 34 Queen's Road, Melbourne, $.C.2 
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SOGREAH 


SOCIETE CRENOBLOISE D’ETUDES ET D’APPLICATIONS HYDRAULIQUES 


SOCIBTB ANONYMEB AL CAPITAL DE 130000000 DE FRANCS 





G R E N >. 

Avenue Léon-Blum - Bolte Postale 145 - Tel. 44-55. 55 

Compte Courent Posts Lyon 55-891 

Télegramme Sogresh - Grenoble R. C. 55 BO 

PARIS (Vitt*) 155, Boulevard Haussmann 

leléphone BALrec 05.12 Téelegramme » Sogreah-Paris 
n. rét 


LABORATOIURE DAUPHINOIS D HYDRAULIQUE 


GRENOBLE, te January 15th 1956. 


OBJET 


Vv vel 


Dear Sir, 





The Laboratoire Dauphinois d’'Hydraulique, which until recently was a branch 
of the Etablissements NEYRPIC, has for some time been developing and 
extending its activities. This trend led, in March 1955, to the formation of a 
new company specialising in hydraulic studies. Its object was to take over 
progressively all the functions of the Laboratoire Dauphinois d’Hydraulique. 
We are now able to tell you that this process was finally completed on Ist January 
1956 


SOGREAH is a company of Consulting Engineers, specialising in hydraulic 
techniques in particular and in fluid mechanics in general, with every facility 
for supporting its theoretical work with laboratory tests. 

Since the personnel of the Laboratoire Dauphinois d’Hydraulique of the 
Etablissements NEYRPIC has been transferred almost in its entirety to our 
company, the same staff will be at your disposal to deal with any problem 


that you may require solved 


We shall continue to do all in our power to merit your confidence 
Yours faithfully 


Le Directeur Géneral Adjoint Le Président-Directeur Général, 


 engete S oe 
GRENOBLE 


Avenue Léon-Blum 


CSemne Camel 


Gaston SAUVAGE de SAINT MARC Pierre DANEL 


PARIS (VIII°) 


155, Bd Haussmann 





SU eY-roya-ve lore! Mot ete => 4el-vatert-voliel MB a-1i-letaele! 
and studies Scale model tests 
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For a Power Station project at Shoreham, Susse» 
the Contractors, Peter Lind & Co., used moder 


oil-flooded rotary compressors of the latest type 


Because they virtually 


Model 600-RO-2 powered 


cut out maintenance... |/"#I2 o.Snsrclshs 


big construction schemes, 


these new Power Vane rotary compressors are the most 
important advance in design since portable air 
compressors came into general use. All the parts which 
are commonly subject to trouble in any compressor 
of conventional design—clutch, crankshaft, 
Model 365-RO-2, powered >» 


valves, pistons—are replaced by a simple two-stage by Rolls-Royce, is a 


“*seven-tool’’ plant of ample 


vane ty pe rotary compressor. margin for average con- 


The entire unit runs in oil and is oil-cooled. And eeee ee 
fully automatic safety devices prevent damage in the 

event of mishap or negligence. These revolutionary 

features mean infinitely lower maintenance costs, longer 


life, greater convenience all round. Certainly it is 








something your Plant Engineer should know about . he “Model 210-RO-2 is 
. ’ J 1 medium capacity plant suit- 
Ask for . atalogue No. 58¢ saie ie ““fountaot™ opera- 


tion 


Po ER 


Model 120-RO-2 gives the» 


maximum output of any 
A O T A te y C O M P R E S S O te S **two-tool’’ plant and is of 
ample size for operating 
two breakers or rock drills 


MANUFACTURED By | Consolidated Pneumatic | Toot Company Ltp., 


232 Dawes Roapb, LONDON, S.W.6. 
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‘Storage Pumps ; 


for hydro-electric power schemes 





The following high-lift storage pumps are 
at present in hand: - 


wered 
ngine, 
val fi 
naa two pumps for 
Reisseck Power Station, Austria 


leach for 6,000 g..p. m., head 3,510 ft. 
speed 1,500r.p.m., input 7,550 H. P., final 
pressure 4,085 ft.) 


one pump for 
Lunersee Power Station, Austria 


(discharge 49,250 g. p. m., head 3,182 ft., 
speed 750 r.p.m., input 54,750 H.P.) 


one pump for 
: Motec Power Station, Switzerland 


suit- 


= (discharge 43,050 g.p.m., head 2,060 ft., 
speed 750 r.p.m., input 30,400 H. P.) 


. Lake Oberaar, 7,550 ft. above sea level, 25,100-H.P. storage pump for the >» 
in the Bernese Oberland, Switzerland Grimsel-Oberaar Power Station | 


al 


SULZER BROTHERS LIMITED, WINTERTHUR, SWITZERLAND 
SULZER BROS. (LONDON) LTD., 31, BEDFORD SQUARE, LONDON W.C.1 











‘INCORPORATING HATHORN, DAVEY & COMPANY, LTD.) 








Pont, oF me 


aH %y 





On the St. Fillans Section of the North of Scotland Hydro-Electric Board 
Breadalbane project, the Mitchell Construction Company have established 
a new world record for rock tunnelling with an advance of 557 feet 


in 7 days. 
The incomparable Eimco Rockershovels have made an outstanding 


contribution to this achievement. 
Head Office & Works: EIMCO (GREAT BRITAIN) LTD TEAM VALLEY CATESHEAD-ON-TYNE TEL: LOW FELL 7-724! 
London Office: PRINCES HOUSE PICCADILLY LONDON WI TEL: GROSVENOR 2184 


2595 
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al 

T MACHINE w 

T POWER TESTS 2 

= 4 

a 

w 

oO 
a 4 

| al 
o 

a | 

oO 

} SYSTEM E. o. F. 2 

\ POWER TESTS 2 
SS (FONTENAY) 5 
: ' 3) 
a wo 
: ea 
oO 

-_ 

% | eee GALILEO-SADE < 
HINE AND SYSTEM a 

POWER TESTS 4°] - 74 3) a 

<= 


BUSHING 


) 
PADOVA 
} UNIVERSITY 


a aa ae 


DIELECTRIC TESTS eager 

1EL ; 

TEMPERATURE TESTS, (TESTS LABORATORY) 
WET TESTS, MECHANICAL 
OPERATION TESTS 

AND GENERALLY ALL THE 
ROUTINE TESTS 


. 


CIRCUIT BREAKERS - INSTRUMENT AND PROTECTIVE TRANSFORMERS 


ISOLATING SWITCHES 
AND SWITCHBOARDS FOR MEDIUM, HIGH AND ULTRA-HIGH VOLTAGES 

















Vinchianae power Plant 

of the Selr-Veidarno Co 
Galileo” electrical equipment 
for 220 and 150 kV 










pat 


OFFICINE. 
ELETTRO 


MECCANICHE 
GALILEO 


Di BATTAGLIA TERME SpA 







OFFERS AND DETAILS PLEASE ENQUIRE TO 
UFFICIO COMMERCIALE DELLE 
OFFICINE ELETTROMECCANICHE GALILEO 






MILANO ViA P. CASTALDI, 24 (ITALY) 
PHONE 265370 
ELETTROGA MILANO [ITALY 






TELEGRAMS 









595 


56 
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Hydraulic Automatic and 
Electrically Operated Gate: 
} fo} o} ole MCT-1e-t) 
Gantry Cranes 





| Penstocks ; 
Fa | —We have built 
* ~~ or designed Gates 
> 


_ for nearly 400 Weir Dams 
Ai BUSS LTD. BASLE (SWITZERLAND 


“ww Constructional Enginee’s 


és Cables: BUSSAG BASE! 





FEDAIA DAM 
AT THE AVISIO'S SPRINGS - ITALIAN ALPS 
AT EL. 6,800 ft. - CONSTRUCTED DURING SUMMER TIME 1953-54 


TYPE : 


BUTTRESS 
PRINCIPAL : 


S.A.D.E.—SOCIETA ADRIATICA DI ELETTRICITA - VENICE 


MAX. HEIGHT 
214 ft. 


CREST LENGTH: 
1,065 ft. 


VOLUME 
209,000 cu. yds. 
DOTT.ING. s & C. 
BUILDING & CIVIL ENGINEERING CONTRACTORS & CONSULTANTS 


7 VIA ALBRICCI, MILAN, ITALY + CABLE ADDRESS: IDROTORNO 
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World 


MADE IN ENGLAND - for ¢Ac 














INDIA 


Four 20 MVA 100/66 kV 3-phase 
Hackbridge transformers for the 
Tata Hydro Electric Power Supply 
Co Ltd 





SOUTH AFRICA 


Seven 13,333 kVA 88 kV single 
phase Hackbridge interconnecting 
transformers to form two 40 MVA 
3 phase banks 









































AUSTRALIA 


Five 30 MVA 132,33 kV. 3-phase 
Hackbridge transformers for the 
Electricity Commission of New 
South Wales 





HONG KONG 


Three 5 MVA 33-22 6.6kV 3-phase 
Hackbridge transformers. Photo 
by courtesy of the China Light and 
Power Co. Ltd 





CANADA : 
ENGLAND Two 60 MVA 125/66 kV Hack- 


bridge transformers for Shawinigan 
Six 70 MVA 11/134 kV 3-phase Falis Power Station, Quebec 


Hackbridge transformers for Skel- 
ton Grange Power Station, Leeds 





HACKBRIDGE 


TRANSFORMERS 





OVER 21 MILLION KVA 
IN WORLD WIDE SERVICE 














HACKBRIDGE AND HEWITTIC ELECTRIC CO., LIMITED 


WALTON-ON-THAMES - SURREY - ENGLAND } 
Telephone: Walton-on-Thames 760 (8 lines) Telegrams & Cables: ‘‘Electric,. Walton-on-Thames 





OVERSEAS REPRESENTATIVES.—ARGENTINA : H. A. Roberts & Cia., $.R.L., Buenos Aires. AUSTRALIA : Hackbridge and Hewittic Electric Co Le 
SOUTH AUSTRALIA : Parsons and Robertson Ltd., Adelaide. BELGIUM & LUXEMBOURG M. Dorfman, 5 Avenue des Phalenes, Brussels. BRAZIL: Oscar . a: 
Caixa Postal 1280, Sao Paulo CANADA : Hackbridge and Hewittic Electric Co. of Canada, Ltd.. Montreal; The Northern Electric Co. Led., Nee 
CEYLON : Envee Ess Ltd., Colombo. CHILE : Ingenieria Electrica S.A.C., Santiago. EAST AFRICA : Gerald Hoe (Lighting) Ltd., Private Bag, Nairobi. EGY PT: weldit 
Cohenca Fils, S.A.E. Cairo. FINLAND : Sahké-ja Koneliike O.Y. Hermes, P. Esplanaadikatu 37, Helsinki HOLLAND : J. Kater E.!., Ouderkerk a.d. Amstel, Aneewh 
Noord, 103c. INDIA: Steam & Mining Equipment (India) Led., Calcutta; Easun Engineering Co. Ltd., Madras, |. IRAQ: J. P. Bahoshy Bros. Baghdad et 
SINGAPORE & BORNEO : Harper, Gilfillan & Co. Ltd., Kuala Lumpur. NEW ZEALAND : Richardson, McCabe & Co. Ltd., Wellington, etc. PAKISTAN ames FD 
Co. Ltd., Karachi. SOUTH AFRICA : Fraser & Chalmers (S.A.) (Pty.) Ltd.. Johannesburg. RHODESIA: Fraser & Chalmers (S.A.) (Pty.) Ltd., Salisbury, etc TT NUGUAT 
Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO : Thomas Peake & Co., Port of Spain. TURKEY : Dr. H. Salim Oker, 43, Posta Caddesi, Ankara UR a 
H. A. Roberts & Cia. S.A.U., Montevideo. U.S.A.: Hackbridge & Hewittic Electric Co. Ltd., P.O. Box 234, Pittsburgh 30, Pennsy!vania; Electro Machinery Corpo! ’ 
50 Broad Street, New York, 4. 
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This disc for a 16-foot butterfly valve reflects two basic advantages 
of Newport News fabrication... 


First, it exemplifies the careful attention Newport News crafts- 
men give to every detail. And secondly, it attests to the quality with 
which Newport News produces in massive equipment for public 
utilities and allied industries...due to Newport News’ high inte- 
gration of skill and production facilities. 


Additional advantages accrue to customers from extensive work 
conducted in Newport News’ testing laboratories on problems re- 
lated to water power equipment. 


Avail yourself of the engineering talent, along with the special- 
ized production techniques and the skill of Newport News crafts- 
men operating vast steel fabricating shops, five huge machine shops, 
drop forging and die facilities along with acres of brass, iron and 
steel foundries. 


Let us bid on equipment for your present or future projects. 
If you are not familiar with the way Newport News can help you, 
write for our illustrated booklet entitled “Water Power Equipment” 
-.. it’s yours for the asking. 
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This machinist is “miking” a disc for one of the largest butterfly valves ever 
built — 192” diameter. Newport News built 3 such valves, each weighing 446,000 
lbs., for the Ross Power Plant, Skagit Project, Department of Light, City of 
Seattle, Washington. Designed for a water flow of 3,620 cu. ft. per sec., and a 
hydrostatic pressure of 290 psi., these valves were shop tested by Newport News 
at 450 psi. They are hydraulically operated with oil at 1,500 psi. pressure. 





Blof 


NEWPORT 
NEWS 


Shipbuilding and 
Dry Dock Company 
Newport News, Virginia 
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GOT LOW-COST POWER 


DEVELOPING 
MARGINAL SITES 


To get additional hydropower at minimum costs, Alcoa and its subsidiary, 
Nantahala Power & Light Company, have reached into the headwaters of 
the Little Tennessee River. As shown on the sketch map, four small sites on 
the east and west forks of the Tuckasegee River and Tennessee Creek now 
permit far greater utilization of the available water. But to make such 


installations pay, construction, operating and maintenance expenses 






were carefully planned and closely controlled. 








Each of the new facilities is remotely operated from an existing station. 


Rock fill dams and unlined tunnels helped keep costs down, while 






powerhouses were built just large enough for the unit. On the SMS turbines 





themselves, vulnerable parts were given protective coatings of stainless 






steel to reduce maintenance over the years. 







SMS turbines at these four stations have a total rated output of approximately 





39.000 hp. All four of these are SMS-Francis types, while at Queens Creek 






Station a 2.250 hp. SMS-Impulse turbine operates under a 999-foot 






maximum gross head. SMS butterfly and relief valves were supplied with the 






Tennessee Creek installation. Whatever your needs for hydraulic turbines 






and accessories, contact S. Morgan Smith Company at York, Pennsylvania. 











A as oa Pre were é Sr ~~ 
} ‘ y Pe: 






AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 













TR ABLE Licensees The Harland Engineering Company, Ltd., Alloa. Scotland 


Tokyo Shibaura Electric Co., Ltd., Japan 
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Cedar Cliff is typical of the small, 
unattended stations in this develop- 


ment. 





Between 1949 and 1952, Alcoa de- 
veloped extra hydropower at low 


cost from these small sites on the 


TUCKASEGEE 


RIVER headwaters of the Little Tennessee 


River. 


CEDAR CLIFF 
9,400 hp. 
SMS—Francis turbine 


70 ft. h 
shee TENNESSEE CREEK 


* 12,570 hp. 
be mes ogg SMS—Francis turbine 
; p. * 502 ft. head 


SMS—Francis turbine 
118 ft. head * * 
BEAR CREEK 
13,040 hp. 
SMS—Francis turbine 
230 ft. head 


WATFR POWER April 1956 





Hydroelectric Plant 
in Premadio. 


Penstock branch-off 


in welded sheets. 
Diameters: 2.30 1.60 mt; 
weight: 30.000 Kg. ; 
test pressure: 162 Kg 


per squere cm. 
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What's 
| yours? 











— 
* 

NON-FERROUS CASTING is a specialist field x 

in which experience and facilities are all- k 

important. When you require non-ferrous cast- a 
ings... for ordinary or extraordinary purposes ok 

[ .... Specify BIRSO; you'll get the finest there K 

[ are. The very best cost no more... and may K 

well cost far less in the long run. ** 


HANLEY AND LONGPORT, 
Head Offices HANLEY Phone Stoke-on-Trent 22184-5-6-7 
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CASTINGS FROM A FEW OUNCES TO 10 TONS... 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze and light alloys. 
Precision-machined  bhushes and bearings. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, and 
chill-cast rods and tubes. 


NON- 


FERROUS 
CASTINGS 


STOKE-ON-TRENT 


LONGPORT Phone: Stoke-on-Trent 87303 


: | T. M. BIRKETT, BILLINGTON & NEWTON LIMITED 


One of Britain’s Largest NON-FERROUS Foundries 
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ff 1856—1956 
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Turbine No. 1 1856 








years” | 
progress 


No. 1, manufactured in Kendal in 1856. It TT) 


The drawing above shows our Water Turbine 


develops 5 horsepower and is still giving useful 
service. Since those early days, we have built 


over 5,400 turbines, and are the onlv firm in the mater 


United Kingdom which has been continuously 





building water turbines for a century. We have 
constructed water turbine governors since before power 
1900 and we were the first manufacturers to set I “ 
up a permanent water turbine test plant in this 
country. Constant development work has kept 
us in the forefront of water turbine design; the 
“Gilkes’’ Turgo Impulse Wheel has a specific 
speed far higher than that of any other single 


jet impulse turbine; the ‘‘Giljet’’ Governing 





System gives unique regulation for Francis 
turbines with long pipelines. The 9,000 
H.P. Pelton Wheel shown in the : 


lower illustration is typical of our 





9,000 H.P. Water Turbine 
modern designs; it operates in f >. 


the High Andes of Bolivia, | 
utilising a head of 2,600 ft. 


GILBERT GILKES & GORDON LTD il 
Water Turbine and Pump Manufacturers 


KENDAL & LONDON +: ENGLAND VIE 





G.F 
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MADE IN AUSTRIA 


this is... 


one of the mighty cascades of Krimmler 










Falls in Salzburg, where unharnessed 
water-power adds to the beauty of the 


scenery. 


] Photo: ROSSMANN 





sia F 








...and that 1s 


the Limberg Power House of 


Osterreichische Tauernkraftwerke AG., 


where harnessed water-power adds to 
Europe’s electricity supply. A heavy rotor, 
| 


62 MVA, 500 r.p.m., on the power-house 
crane. | 






Werkphoto: ELIN 








i: eee 


. AKTIENGESELLSCHAFT FUR 
ELEKTRISCHE INDUSTRIE 


VIENNA AUSTRIA 
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For your power station 


“Regulating, Protecting and Synchronizing 
Equipment! 


Nearly 70,000 Brown Boveri 
quick-acting regulators have been 
installed since 1909. 








Quick-acting regulators 


A suitable model for every 
size of machine and every 
regulating duty. Accurate 
and robust. 


Machines with an aggregate 

»* rating of millions of kVA are 
for generating stations and =” synchronized and protected by 
agate, ab Muintenenes, ne Ee Brown Boveri equipment. 


adjustment; low power NN 
consumption. Rapid and MX 


reliable. . \ 
4 Our long experience will be 


of service to you. 


Automatic synchro- 
nisers 





Generator protecting 
gear Ss 
comprising proved appara- . 
tus protect old and new » 
machines. Adaptable and ? 
dependable. s 





re 


66280-!b 





BROWN, BOVERI & CO. LTD. BADEN (SWITZERLAND) pee ) 


j 
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Our organization is privileged to place at your 
disposal a long and extensive experience in building 
water turbines for run-of-river power plants, and 
specialized experience acquired from designing, 
delivering, and installing such hydraulic equipment 


IN 


22 POWER STATIONS ON THE RIVER MAIN 





8 POWER STATIONS ON THE RIVER INN 


5 POWER STATIONS ON THE DANUBE 


10 POWER STATIONS ON THE RIVER ISAR 


3 POWER STATIONS ON THE RIVER ENNS 
AND MANY OTHERS BOTH IN GERMANY AND ABROAD 





Whenever you are considering new water power developments, we shall be glad 





to help with your hydraulic problems 


J. M. VOITH 3 o.m.8.H., HEIDENHEIM/BRENZ, GERMANY 
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Improvements, represented by attention 
to detail, are continually being built into 
Ruston-Bucyrus excavators. The process of 
development is a never ending one and as 
improvements are developed so are they 
incorporated in the complete range of Ruston- 


Bucyrus excavators up to 6 cu. yds. capacity. 


R-B Excavators in certain sizes are now being built with a 


re-designed cab in a new and attractive colour scheme, but neither 
design nor colour scheme has been introduced merely for the sake of 
change. Both in fact are the result of the policy of development in 
detail for the customer’s benefit. The new design is a 

purely functional one, devised to increase ease of 

operation and to give greater visibility. "The new colour 

styling and metal pre-treatment proclaim a long period of 

patient research into the problems of metal preservation to 

produce a finish that will give an even higher degree of 

body durability under the severe and exacting conditions 

in which the R-B excavator is normally expected to work. 


Replacement of your existing equipment can, therefore, 


be considered at any stage with complete confidence that a 
new R-B excavator will, in one direction or another, 
represent an improvement upon existing equipment. 


EL RUSTON-BUCYRUS LIMITED 
Bucyrus EXCAVATOR SPECIALISTS 


LINCOLN 
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AKTIEBOLAGET KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD - SWEDEN 





5.0. E, "Post Insulators 

were used on all the 110ky 
outdoor switchgear on the Jog Falls 
Hydro-electric Scheme 


The outdoor switchgear at Jog Falls Power Station, in : 
Mysore State, India, equipped with S.P.P. Cylindrical | 
| 





Post Insulators type P.7o1. 








, , ain © : 
4 1. * fs. 
ae 2 
Pe > 
So 
~ Ste! ’ ao - 
~ 5 
. —_- by 
“ . so ae 
~ d+ We 
pws 
“A 


r. 
¥ AY 
Pn 


|< Seis » nO, 


STEATITE & PORCELAIN PRODUCTS LTD. 6) 


Stourport-on-Severn, Worcestershire Telephone: Stourport III Telegrams: Steatain, Stourport 
$74 


7 
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ERCOLE MARELLI & C. S.p.A. 


MILAN (italy) 


HYDRO-ELECTRIC 
EQUIPMENT 





Rotor, shaft and stator 
for one of the two Water 
Wheel Alternators (110,000 
kVA— 13,800 Volts—300 r.p.m. 
weight 650 tons) installed by 
Marelli in the Cimego Hydro-Electric 
Power Station of the Societa 
Elettrica Bresciana (Kaly). These 
alternators are believed to 
be the largest horizontal 
units yet built. 
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TVA Installs Another Leffel Turbine 


Nottely Dam Power Plant =a progress report as of the end of 1955 


























































Max TW &//638.7 
f (57,000 cfs)—. 
? 78" valve — a 
TW E/I6/Z.5  € DISTRIBUTOR, _|¢ PENSTOCK 
; N72) e-f£e)— E//6/3.49- ~ F/ 1619.49 
| (730 cfs i . sbcaaial 
; | 
Min TW E/1605.5 (no flow)~. ie. 
; 
40.0’ 54.9’ 
f I 











In the new hydroelectric power plant on the Nottely River near 
Murphy, North Carolina, the TVA is now completing the in- 
stallation of another efficient Leffel turbine. 
Nottely Dam, of the rock and rolled earth fill type, was com- 
Completely as- pleted in 1942, without a power unit. Installation of the No. 1 


sembled turbine power unit was authorized in 1951 and a Leffel turbine was 
except for rivet- 


ed scroll case, 








ELT 


selected to drive the generator. 

The turbine is rated to develop 21,000 HP under a net head of 
124 feet at 180 RPM. The specific speed of the turbine at rating 
is 63.2 RPM. The operating head varies from 76 feet to 166 feet. 








eT 


Other Leffel turbines installed by the Tennessee Valley Au- 
thority are located at Chatuge Dam in North Carolina and 
Wilbur Dam in Tennessee. 

The efficient design and rugged construction of the Nottely 
unit—backed by 94 years’ of experience in the hydraulic turbine 
field—make it typical of the notable hydraulic turbines built by 
Leffel for hydroelectric power projects throughout the world. 


Powerhouse exca- 


A a 


vation and draft 
tube 






forms in 


7 


place. 

Leffel engineers are trained in design, construction and adapta- 
tion of the turbine which will most efficiently and economically 
meet the needs of each power plant development, whether it is 
a completely new installation or part of an expansion of rehabili- 
tation program. 

Before you plan your next turbine installation, be sure you 
have the complete story on rugged, efficient Leffel turbines. Write, 
wire or phone... you'll get action fast. 


ey, 


Assembled scroll case in 1094-E 
Position from above, 


> THE JAMES LEFFEL & CO. 


DEPARTMENT W e SPRINGFIELD, OHIO, U.S.A. 


MORE EFFICIENT HYDRAULIC, POWER FOR 94 YEARS 
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HYDRO-ELECTRIC | 4 
PLANT ; 


are Tite 




















’ 


Three of five 25 MW, 11 kV., 600 r.p.m. sets 
in the Tungatinah Power Station, Tasmania. 











One of the above alternators erected for test. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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STORAGE PUMPS 
Some recent RIVA achievements : 


One multi-stage centrifugal pump absorbing 40,000 H.P. — head 600 m:; discharge 
4300 It/sec.; speed 500 r.p.m.; for the Ponale Power Station, Italy 


Two single-stage centrifugal pumps, each absorbing 27,000 H.P.—head 205 m; dis- 
charge 8600 It/sec.; speed 500 r.p.m.; for Letten Power Station, Sweden 


Two double-stage centrifugal pumps, each absorbing 16,000 H.P.—head 310 m; dis- 
charge 3400 It/sec.; speed 750 r.p.m.; for Hospitalet Power Station, France 


One single-stage centrifugal pump absorbing 4,200 H.P.—head 40 m; discharge 7000 
It/sec.; speed 300 r.p.m.; for Isola Santa Storage Pumping Station, Italy 


One multi-stage centrifugal pump absorbing 3,000 H.P.—head 340 m; discharge 560 
It/sec.- speed 1000 r.p.m.; for Foce Ponale Power Station, Italy 


COSTRUZIONI MECCANICHE RIVA 


MILANO - ITALY 
HYDRAULIC TURBINES - CENTRIFUGAL AND PROPELLER PUMPS 


VIA STENDHAL 34 CABLE ADDRESS: RIVATURBIN 








HITACHI 


TRANSFORMER S 


Throughout the years, Hitachi Ltd. has led the field of Japanese heavy industries in 
production 

Especially in the development of hydraulic power resources, Hitachi Ltd., eminently qualified 
for the production of waterwheel generators, well over hundred thousand kW in capacity and 
the innumerable relevant equipment and apparatus, is continuing its contribution in Asia or 
iny other countries wherever its industrial ability is given the opportunity of proving its true 
worth. 








156,000 kVA Super-high Voltage Transformers 


The 156,000 kVA super-high voltage transformers, 
the largest capacity product in Japan and the 
eighth largest in the world, has been completed 


and supplied to the Nishi Tokyo Substation e e 
toch. Ltd. 


HITACHI" TOKY' Towyo Japan 
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Over 15 million installed horsepower of hy#raulic turbines throughout the world 


ALLIS-CHALMERS 


Hydraulic 
TURBINES 


SIX-JET RUNNER and specially designed needle control mechanism are 
shown in this installation photo taken looking up from tailrace at the 
Son Bartolo unit. Runner is fabricated from plate steel. Bucket bowls 
are welded directly to the wheel discs, eliminating bucket bolts. Opera- 
tion can be with any combination of the six jets. The completed installa- 


tion includes provision for remote control from the central station. 
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s-Chalmers Design Reduces Costs 








at San Bartolo Hydroelectric Plant 


of the Comision Federal de Electricidad 


Mexico’s newest hydroelectric plant, San Bar- 
tolo, in the northwest part of Estado de Mexico, 
features many economies that result both from 
operating conditions and plant design. Since 
the plant is to operate only six months of the 
year during the dry season (reservoirs are al- 
lowed to fill during the rainy season), a vertical 
shaft, six-jet impulse wheel was recommended 
by Allis-Chalmers engineers. 


A six-jet instead of a one-jet runner permits 
a smaller diameter and higher speed. This low- 
ers the cost of the turbine and saves on power- 
house structure, excavation and generator cost. 
And since one unit handles the entire capacity, 
there is need for only one bank of transformers 
and a single transmission line to connect with 
the rest of the Miguel Aleman System, which 
supplies power to the Mexican Power & Light 


ALLIS-CHALMERS > 
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Company, serving Mexico City and vicinity. 

The Allis-Chalmers hydraulic turbine is 
rated 39,000 hp, 1233-ft head, 428.6 rpm and 
is direct-connected to a 28,000-kva, 13.2-kv, 
0.9 power factor, three-phase, 50-cycle Allis- 
Chalmers generator with Kingsbury thrust 
bearing located above the rotor. 


Other outstanding new Allis-Chalmers verti- 
cal impulse turbines include a 150,000-hp, 
2500-ft head wheel at Kemano, Canada, and a 
91,500-hp, 1325-ft maximum head wheel now 
being built for Donnells Power Plant in Cali- 
fornia. For information on these and other 
Allis-Chalmers hydro-turbine developments, 
see your nearby Allis-Chalmers representative 
or write Allis-Chalmers, Power Equipment Di- 
vision, Milwaukee 1, Wisconsin, U.S.A. Manu- 


facturing plants in United States and Canada. 
A-4874 









CG E SYNCHRONOUS CONDENSERS 


CGE 21,000 KVA, 10 KV, 1000 R.P.M. SYNCHRO. 
NOUS CONDENSER INSTALLED AT THE ETUPES 
SUBSTATION OF THE ELECTRICITE DE FRANCE 


This condenser is air cooled in open circuit and is 
equipped with an automatic voltage regulator consisting 
of an amplidyne controlled by magnetic amplifiers; this 
regulator enables the machine to operate also at constant © 
reactive KVA. 


COMPAGNIA GENERALE Di ELETTRICITA 


34 Via Bergognone - MILAN .-- (Italy) 


GENERATORS, MOTORS, TRANSFORMERS, RECTIFIERS, TRACTION : 
EQUIPMENT, SWITCHGEAR, RADIO, DOMESTIC APPLIANCES. 
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TECHNOEXPORT 
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We specialise 





in manufacturing Power 





Transformers for Generation, 







Transmission and 
Distribution 












All YORKSHIRE Transformers are 
entirely constructed in our own works. We 


make Transformers to suit all requirements 


up to 60,000 kVA—I32,000 Volts. 


YORKSHIRE idl TRANSFORMERS 





YORKSHIRE ELECTRIC TRANSFORMER CO. LTD., THORNHILL 
DEWSBURY, ENGLAND Tel.: Dewsbury 1691-2 


— 
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The Merila Barrage is part of the Low Tana Hydro 
Electric Development in Kenya, which has been designed 
and constructed by Baifour Beatty for the East African 
Power and Lighting Co. Ltd. 

The photograph of part of the barrage, which diverts 
water into the headrace tunnel, shows one of the 37’ 6” 
span automatic control gates starting to open. 


BAaLPOUR BEATTY 


AND COMPANY LIMITED 


CIVIL @ ELECTRICAL 
ENGINEERING CONTRACTORS 


Head Office: 66 QUEEN STREET, LONDON, E.C.4 


ALSO AT EDINBURGH GLASGOW BAGHDAD ; NAIROBI and TORONTO 
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SIEMENS 


WATERWHEEL 
GENERATORS 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 
BERLIN-ERLANGEN 
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A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Hydro-Electric Finance 


N the early days of hydro-electric development the 

necessary finance, in the vast majority of cases, was 

found by the use of methods analogous to those 
employed by any private enterprise company at any 
time, and basically similar to those of a private in- 
dividual who wished to embark on some new expendi- 
ture: either money was saved, by the exercise of 
prudence and thrift, from current revenue, or else it 
was borrowed either from the public, in the form of 
an issue of stock, or from banks, the security be- 
ing based on the assets and credit-worthiness of the 
company or individual. No form of external backing, 
such as a Government guarantee, was sought; and the 
early pioneers in hydro-electric development in many 
parts of the world are to be commended for the 
courageous policies they pursued not only technically 
but also financially. 

In those early days the risk was much greater than 
it is now. The future electrical demands could not be 
assessed with the same degree of reasonable accuracy 
as we can now hope for, and the civil-engineering 
problems facing the constructors of dams and other 
large structures had to be solved without the aid of 
the wide array of electronic and other devices which 
enable underground prospecting to be carried out 
nowadays with far greater certainty. 

Then came the stage where nationalised or semi- 
Government power boards began to be instituted, and 
many aspects of the picture of finance for hydro-elec- 
tric development underwent an immediate change. No 
longer did a body of individuals, or perhaps a munici- 
pality, have to stand alone in taking the risk of insti- 
tuting a given hydro-electric development. They could 
fall back on the cushion provided by the National 
Exchequer; and although the cushion varied in hard- 
ness from country to country (in the sense that in 
some countries State money was used directly for 
power development, whereas in other countries a 
rather remote and conditional guarantee from the 
State Treasury was all that was provided for a deve- 
lopment corporation) it was nevertheless there, and 
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exercised a profound influence on the economic think- 
ing of power-supply engineers. 

In the field of personal economy, the institution of 
hire purchase has meant that before purchasing a 
given article it is no longer absolutely essential to have 
exercised the necessary restraint and thrift required to 
save the capital sum needed. This trend has a parallel 
in the most recent phase of water-power development. 
Many under-industrialised countries, with small bud- 
gets and restricted credit facilities, are now confidently 
preparing to institute water-power projects of con- 
siderable magnitude, on the basis that finance will be 
made available from such agencies as the World Bank 
and other bodies (some with a controversial political 
background) concerned in providing financial aid for 
the less wealthy States. In itself, no criticism can be 
directed at a country which desires to find means to 
harness its water-power resources, which are obviously 
vital to its continued economic progression. In the 
past, such underdeveloped countries have often 
granted concessions to companies and corporations 
from the more wealthy States, who have provided the 
capital necessary for the building of the main works, 
in return for a monopoly concession in regard to the 
distribution of current and the provision of other ser- 
vices; and this system worked well for many years, 
not only in regard to hydro-electric development, but 
also to many other capital-development fields. 

Intensification of national feeling has rendered this 
method of increasing a country’s industrial potential 
somewhat out of favour. In view of the occasional 
expropriation of “foreign” assets, such as railway sys- 
tems, the need to be certain that changing political 
regimes will not prevent the sending home to the 
mother country of the properly assessed profits and 
dividends has made investors cautious about embark- 
ing on power developments on a system of this kind. 
Instead, as mentioned above, Governments tend to 
arrange their own finance by borrowing from inter- 
national agencies. 

There is, however, a disadvantage in this method 
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which may well only have its full effect in the future. 
Inevitably, the operation of large-scale international 
lending of money has a political background, however 
remote. There have been suggestions in recent times 
that the Eastern block and Western powers may even 
tend to outbid each other in giving financial aid to 
underdeveloped countries whose territories lie in key 
political positions. If this is true, it means that who- 
ever wins will have acquired a vital stake in the 
economy of the country concerned, and it is conceiv- 
able that should a political volcano erupt, or tend to 
erupt, the influence so acquired might well be put to 
uses never dreamt of by those acquiring their finance 
by this method. The hydro-electric schemes which are 
the subject of long-term international loans of great 
magnitude (in regard to the scale of a particular coun- 
try’s economy) will obviously become of more and 
more vital importance to that country as the gradual 
reticulation of supply mains brings the water- 
generated power into an ever-higher proportion of its 
towns, villages and industrial centres. The need for 
technicians trained to operate it, for additional plant 
for spares, and for utilisation equipment (all of which 
will undoubtedly come under the remote, if not close, 
control of the larger countries supplying the finance 
through the international agencies) will mean that 
difficult conditions could easily arise, along lines un- 
foreseen by those initiating the project. 

In view of the fact that in all highly industrialised 
countries the supply of electric power is regarded as 
of paramount importance to industrial survival, to 
defence, and to the maintenance of an ever-increasing 
standard of living, it may well be the case that in 
the future, countries desiring to develop their water- 
power resources may have to consider a deliberate 
surrendering of some small part of their national 
sovereignty. 


High Finance for the High Dam 


AN outstanding example of the present tendency in 
the financing of large hydro-electric projects is to be 
found in the agreement reached, apparently after much 
hard bargaining, between Colonel Nasser and Mr. 
Eugene Black on a loan of $200 million from the 
World Bank to Egypt for the first stage of the Aswan 
High Dam project. That these negotiations had politi- 
cal as well as financial implications has been obvious 
from the existence of the Soviet counter-offer which 
has spiced the proceedings. Even so, much has been 
left vague. The terms on which the World Bank is 
prepared to advance the loan are not yet known, nor 
is it clear whether the loan of $70 million offered 
jointly by the United States and Great Britain is to be 
accepted. It is also obscure whether any advance has 
been made on the all-important question of an agree- 
ment with the Sudan on the division of the Nile waters. 

Estimates of the final cost of the project range 
round the $1,000 million mark. The dam is designed 
to store 130,000 cu. m. of water—26 times as much as 
the present dam—and will create a reservoir 400 miles 


long, extending 150 miles into Sudan territory. An 
output of at least 6,000 million kWh from the final 
scheme is expected, which will also increase Egypt's 
cultivable land by 30 per cent. It is estimated that the 
scheme will require at least ten years to compiete. 

The consulting engineers are Sir Alexander Gibb & 
Partners 
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Cauca Valley Development 


Tue World Bank has published the report of an 
advisory mission on the Upper Cauca Valley, Colom- 
bia, in which it is stated that “the hard core of the 
programme is the selection, design and construction of 
a major project for the generation of electric power 
and for flood protection.” 

The Upper Cauca Valley, 200 miles long and 60 
miles wide, runs northwards, parallel to the Pacific 
coast but separated from it by the Cordillera Occi- 
dental range of mountains. On the east the valley is 
bounded by the Cordillera Central range, attaining 
heights of over 10,000 ft. 

In 1954, following a report submitted to the Presi- 
dent of Colombia by David E. Lilienthal, formerly 
Chairman of the TVA, an autonomous and non-politi- 
cal regional corporation (the CVC) was established 
to integrate the economic development of the whole 
valley. The World Bank Advisory Mission was 
organised at the request of the Government of Colom- 
bia and of the CVC, and consisted of experts from the 
Netherlands, New Zealand, Norway, Peru, and the 
United States. Its report covers power, flood protec- 
tion, irrigation and drainage. agriculture, road trans- 
port, and finance. It is suggested that the first step 
should be the construction of a power station on the 
Calima River having an initial capacity of 70-90 MW, 
followed by a 75 MW multi-purpose project at Timba. 

Early in 1955 the CVC engaged a consortium of 
three firms of consulting engineers—Olarte, Ospina, 
Arias & Payan Ltd., Gibbs & Hill Inc., and Tippetts- 
Abbett-McCarthy-Stratton—who have completed the 
preparation of a report entitled “ The Unified Develop- 
ment of Power and Water Resources in the Cauca 
Valley.” This report recommends the immediate con- 
struction of a 120 MW development, at the Madrofal 
site, on the Calima River, to be followed by a 90 MW 
plant at Timba and a 270 MW plant at Salvajina, both 
on the Cauca River. 


New B.C. Power Subsidiary 


ForMarTIOoN of a subsidiary company which will 
have a far-reaching impact on the development of 
British Columbia was announced recently by the 
President of British Columbia Power Corporation 
Ltd. The new firm, Western Development and Power 
Limited, will have two principal functions: |, To 
develop hydro-electric power on the Fraser River to 
the extent that the maintenance of salmon spawning 
will allow and on the Columbia River where there is 
no fish problem; 2. to study industrial opportunities 
in the areas which can be served with this power and 
to bring in new industries to use it. The directors of 
B.C. Power Corporation have made an initial donation 
of $50,000 to the University of British Columbia to 
make an impartial study of the problem of fish and 
power on the Fraser River. Meanwhile, Western De- 
velopment and Power Limited will proceed actively 
with a study of the Upper Columbia River, where the 
problem of fish does not exist. 

According to the President, Mr. Grauer, there is no 
time to lose in securing more sources of electric 
power for the Lower Mainland and Vancouver Island 
South, which will be linked with the mainland power 
grid by submarine cables later this year. At the 
present rate of growth—about 13 per cent. annually 
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the area will run out of potential hydro-electric sites 
in less than 10 years unless development of the 
Columbia or Fraser is allowed. The BCE system, 
which can now generate just over 700,000 h.p., will 
have to undertake further construction on the follow- 
ing scale: By 1961, 700,000 h.p.; by 1967, 2,100,000 
h.p.; by 1976, 4,900,000 h.p. 


Town for Kariba Workers 


A CONTRACT valued at about £3} million has been 
awarded to Richard Costain (Southern Rhodesia) Ltd., 
for the building of a township on the south bank of 
the Zambesi River to house workers on the Kariba 
hydro-electric scheme. Work is due to start immedi- 
ately and the contract is scheduled for completion 
towards the end of 1957. A population of about 10,000 
is envisaged in the new township and the contract calls 
for the building of houses, schools, hospital, power 
station, roads, utility services and the usual amenities 
of town life. The contract, which was obtained in face 
of competition from other countries, has been let by 
the Federal Hydro-Electric Board of Rhodesia and 
Nyasaland. The Consulting Engineers are Gibb, 
Coyne, Sogei (Kariba) (Pvt.) Ltd., of Salisbury, 
Southern Rhodesia. 


Russian Development Plans 


Tue Sixth Five Year Plan adopted by the U.S.S.R. 
for 1956-60 envisages a 270 per cent. increase in hydro- 
electric development. The Kuibyshev and Stalingrad 
stations are to be brought to full capacity and a further 
station, of 1,000 MW capacity, will be commenced on 
the Volga at Saratov and an 800 MW station at 
Cheboksary. Other large stations projected are Vot- 
kinsk, 540 MW, on the Kama; Lower Kama, 900 
MW; Kremenchug, 450 MW; Dnieprodzerzhinsk, 250 
MW; Krasnoyarsk, 3,200 MW; and Kamensk, 500 
MW. The Irkutsk 660 MW station, the first section of 
the Bratsk, 3,200 MW, and the Novosibirsk, 400 MW, 
are to be brought into commission. 

A 400 kV grid is to be set up for Russia in Europe, 
fed by Kuibyshev and Stalingrad, and work is to be 
started on a central Siberian grid. High-voltage direct- 
current transmission is to be used for the line from 
Stalingrad to the Donbas. 


Aluminium Expansion in India 


ConstTRUCTION work is expected to start this 
year on a new Canadian-backed aluminium smelter 
in India which will more than double that country’s 
present aluminium production by 1958. According to 
a Statement issued in Montreal by Aluminium Limited, 
a decision was reached late in 1955 by Indian 
Aluminium Co. Ltd. to proceed with the erection of 
an aluminium smelter of 10,000 tons annual capacity 
at Hirakud, where power will be available from the 
Hirakud multi-purpose power project now nearing 
completion by the Government of the State of Orissa, 
and will be capable of further expansion to 20,000 
tons capacity as conditions warrant. New capital in- 
vestment of approximately 75 million rupees ($15 
million) will almost treble the company’s present 
assets and is expected to be financed by offerings in 
India of unsecured notes convertible into common 
shares and through bank loans and retained funds. 
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Aluminium Limited, which at present owns a majority 
interest in the Indian Company in partnership with 
3,000 private local investors, has agreed to subscribe 
for 50 per cent. of the convertible notes. 


Passamaquoddy Tidal Project 


PresiDENT EISENHOWER has signed a Bill 
authorising the expenditure of three million dollars 
to study the Passamaquoddy tidal project. Passama- 
quoddy Bay lies on the international boundary be- 
tween the State of Maine and the Canadian Province 
of New Brunswick, and close to the Bay of Fundy, 
where tides of the order of 50 ft. occur. At Passama- 
quoddy the spring tides are of the order of 26 ft. and 
the neaps 12 ft. 

A number of schemes have been formulated, com- 
mencing with the Dexter-Cooper project in 1934, 
having a capacity of 135 MW from two pools wholly 
within the U.S. In 1935 an all-American one-pool 
scheme, of 65 MW capacity, with a later second pool, 
partly in Canada, was put forward, and six million 
dollars were spent on it. In 1941 the Federal Power 
Commission evolved an all-American two-pool 
scheme, giving 66 MW of firm energy with additional 
secondary power. In 1950 the International Passama- 
quoddy Engineering Board made a report to the Inter- 
national Joint Commission summarising the previous 
work, and it appears that the development is now to 
be considered on an international level. 

We hope shortly to publish an article on a proposal 
made by Percy H. Thomas whereby it is claimed that 
Passamaquoddy would have a higher capacity than 
either the St. Lawrence Seaway or the redeveloped 
Niagara. 


New Zealand’s Submarine Cable 


FoLLowINnc Mr. Latta’s report, mentioned in this 
column last month, the. New Zealand Government has 
decided to proceed immediately with a detailed inves- 
tigation into the practicability of linking the power 
systems of the North and South Islands of New Zea- 
land by means of a submarine cable across Cook 
Strait. This was announced by Mr. Goosman, who 
also said that approval had been given for the accep- 
tance of an offer by British Insulated Callender’s 
Cables Ltd., for the investigation which they propose 
to complete by the end of this year. Mr. Goosman 
added that on the result of the investigation depended 
where future power stations would be built. Power 
from the South Island, in the event of the investigation 
recommending such a course, would be required in 
the North Island by 1962. This is the year in which 
the North Island load would exceed the capacity of 
stations now built and operating there together with 
that of stations now being built or approved or plan- 
ned for construction. The present installed generating 
capacity in the North Island was 644 MW. To this 
could be added 509 MW from stations under construc- 
tion, approved or planned. This made a total of 1,153 
MW. However, it had been estimated that the North- 
Island peak load in 1961-62 would be 1,105 MW, and 
in the following year it would be 1,180 MW. 

If one considered the period up to 1972, it was 
estimated that the North-Island peak load would in- 
crease to 2,163 MW, or a million kW increase from 
1962. To produce this 1,000,000 kW would be equal 
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to producing one and a half times the present total 
generating capacity of the North Island. Capital cost 
of the new stations alone would be from £75,000,000 
to £150,000,000, depending on the type of station. 

The remaining hydro potential was small in the 
North Island, leaving the only other practicable 
methods as steam stations using coal, oil or nuclear 
fuel, and geothermal stations. For cheapness of’ pro- 
duction, and in the case of nuclear stations, also in 
capital cost, hydro-stations were preferable. It was 
estimated that, even with the cost of a submarine 
cable, the overall cost of hydro power at Wellington 
(on the southern tip of the North Island) would be 
less than the cost of similar power from the later 
Waikato (North Island) stations, such as Whakamaru, 
Waipapa, Atiamuri and Ohakuri. It would also be 
half the cost of power from coal-fired steam stations 
in the Waikato coalfields, and less than half the cost 
of power from nuclear stations in the Wellington 
province. 

The saving per year to New Zealand in 1972 of 
bringing power from the South Island to the North 
Island might be in the order of £10,000,000. The sav- 
ing in subsequent years could be very much greater. 

Cook Strait at its narrowest is about 16 miles wide. 
Here the depths range to 120 fathoms or more and 
there are strong tide rips and rocky bottom conditions. 
There are other stretches of about 30 miles, with 
depths down to 80 fathoms, weaker tide rips and 
reasonably good bottom conditions. 


Washington State Power System 


Tue Washington State Power Commission has car- 
ried on studies over the last two years which have 
indicated that the hydro generating capacity of the 
area must be supplemented by steam plants in very 
considerable amounts possibly as early as 1963-64 and 
certainly by 1975. Within 10 years the total installa- 
tion might be such that some of that steam capacity 
could well be in nuclear power facilities, if the tech- 
nology of such power develops as rapidly in the mean- 
time as it has been developing recently, but the Com- 
mission feels that the interests of the region would 
best be served by carrying forward studies regarding 
early construction of new steam generating facilities 
as rapidly as possible, so that the firm power supply 
of the area may soon be increased. 


European Power Exchanges 


Tue United Nations Economic Commission for 
Europe has reported on the session of its Committee 
on Electric Power held at Geneva last December. This 
all-European inter-governmental Committee was es- 
tablished primarily to provide a forum for the discus- 
sion of problems of electricity supply in Europe, and 
to promote the transfer of electricity across frontiers. 
The Committee noted with interest the progress of the 
negotiations within “Interalpen” and “ Yougel- 
export,” schemes for the international development 
and use, respectively, of Austrian and Yugoslav 
hydro-electric resources, and of the preparation of 
bilateral agreements for power transfers between cer- 
tain Scandinavian countries and between Austria and 
Czechoslovakia. The ECE Committee asked the 
Secretariat to conduct an enquiry into the possibilities 
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of electric power exchanges between the countries of 
Central Europe, such enquiry to be extended, at the 
request of Greece, to cover the countries of South- 
Eastern Europe. Presumably this task would include 
a study of the hydro-power development of the 
Danube. one of the most promising power resources 
of the region. 


Invergarry Station Commissioned 


THE North of Scotland Hydro-Electric Board have 
brought into commission the 20,000 kW Invergarry 
power station in Inverness-shire. The Invergarry 
station, which will produce about 82 million kWh in 
a year of average rainfall, is the lower station of the 
Board’s Glen Garry scheme. This scheme, which will 
produce about 168 million kWh per annum, covers the 
construction of a dam at the outlet of Loch Quoich, a 
power station on the Gearr Garry river and another 
dam at the outlet of Loch Garry from which water is 
carried by tunnel to the Invergarry power station. The 
Quoich power station began to operate in December. 

The Invergarry power station which is alongside 
the main Fort William-Inverness road, is mostly 
underground, only the top of the stone building being 
visible. The water turbine operates under the very high 
head for a Kaplan-type machine of 175 ft. 

The ‘civil-engineering consultants are Sir William 
Halcrow & Partners and the main contractors are 
Whatlings Limited. The electrical and mechanical con- 
sultants are Messrs. Kennedy & Donkin and the turbo- 
alternator was made by the English Electric Co. Ltd. 
The architects for the scheme are Messrs. Gratton & 
McLean. 


More Power for Uganda 


More hydro-electric power from the Victoria Nile 
below Owen Falls is forecast by the Uganda Electri- 
city Board. Surveys of the Nile, now completed for 
the Board by the consulting engineers, Sir Alexander 
Gibb and Partners and Messrs. Kennedy & Donkin, 
show that there is an additional potential output of 
some 500 MW in the 19-mile stretch of river below 
the existing Owen Falls hydro-electric scheme. The 
ultimate capacity of Owen Falls is 150 MW, thus 
providing a total capacity of 650 MW in that part of 
the river. 

The additional power can be developed in two 
or three stages, but the present indications are that 
three dams and power stations could be constructed, 
the first having an output of over 150 MW. The total 
firm output of the first of the three stations would be 
between 700,000,000 and 800,000,000 kWh per annum. 
At present-day price levels the estimated capital cost 
is rather less than the £16 million Owen Falls scheme, 
which, on a cost per unit basis when fully developed 
in some years’ time, will be one of the cheapest hydro- 
electric stations constructed in the postwar period. 

The date of the start of construction of any new 
station depends on the growth of the use of electricity 
in Uganda, en exports to Kenya and also on railway 
electrification, but on present estimates it seems likely 
that additional power will be required in Uganda by 
1964-65. As construction takes about five years, pre- 
liminary work may have to start before 1960. A de- 
tailed examination of one site is now being made. 
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Fig. 1. Interior of the Mullardoch power station of the North of Scotland Hydro-Electric Board. A 3,600 h.p. 
208 r.p.m. vertical-shaft Francis turbine is coupled by speed-increasing unit to a 750 r.p.m. (synchronous speed) 


2,400 kW 3,300 V, 3-phase, 50 c.p.s. horizontal-shaft induction generator 


The Water-Iurbine-Driven 


Induction 


Generator 


By P. J. E. STRIDE, B.Sc. (ENG)., A.M.I.MEcH.E., 
and W. ROZYCKI, Diec.ING., M.A.I.E.E. 


HE increasing development of the world’s water- 

power resources will undoubtedly lead to the 

utilisation of comparatively small sites which have 
previously been neglected. When investigating these 
smaller installations, the induction generator should 
be given careful consideration. Hydro-electric units of 
this type have already‘been installed in many power 
schemes in Great Britain and overseas. Their inherent 
simplicity and reliability combined with low capital 
cost make them a useful and economic addition to the 
capacity of existing synchronous generating stations. 
Induction generators having outputs of up to 10,000 
kW can be operated satisfactorily, provided that the 
electrical system they are feeding is sufficiently large. 
At the other end of the scale it has frequently been 
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found economic to install units as small as 20 kW. 


General Description: 

The induction hydro-electric unit consists basically 
of a squirrel-cage induction generator driven by a 
simple ungoverned water turbine. The generator must 
normally operate in parallel with an electrical system 
from which it can draw its excitation current. To 
synchronise the unit, the turbine is run up to syn- 
chronous speed and the circuit breaker is closed. The 
guide-vane or nozzle opening of the turbine is then 
slowly increased and its output is absorbed by the 
generator, which runs slightly above the synchronous 
speed, feeding power into the electrical network. 

The system to which the generating unit is con- 
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nected determines the frequency, and consequently 
no governor is required. Slightly above synchronous 
speed a state of mechariical and electrical torque 
equilibrium is reached and the speed is thus con- 
trolled. In the event of supply failure, due to the trip- 
ping of the main circuit breaker or a break in the 
transmission line, excitation is lost and the speed rises 
to the runaway figure for the turbine. As induction 
generators are designed for full runaway conditions, 
no harm will result. On large units, however, some 
form of simple overspeed device is usually fitted, 
arranged to shut down the turbine slowly in the event 
of runaway. 


Types of Installation 

The induction-generator unit has a number of dif- 
ferent applications in the field of hydro-electric de- 
velopment. The simplest form is the utilisation of a 
small water-power site where the power available does 
not justify the installation of a normally governed 
synchronous unit. The use of an induction generator 
at a site of this type brings about considerable econo- 
mies. No governor is required, and its omission may 
save as much as 30 per cent. of the cost of the water 
turbine. In addition the cost of an induction generator 
may be in the order of 30-40%, less than that of a 
comparable synchronous generator. Protective devices 














can be reduced to a minimum and automatic or semi- 
automatic operation introduced with considerable 
saving in running costs if the site is in a remote area. 

Where long pipelines are unavoidable a further im- 
portant saving of hydraulic equipment is effected as 
the usual problems associated with speed and pres- 
sure regulation do not arise. Changes in pipeline velo- 
city only occur during the starting-up and closing- 
down sequences, and such changes can be designed 
to take place slowly. This means that expensive de- 
vices such as surge shafts and relief valves can be 
eliminated. It is also permissible to use higher water 
velocities. thus providing for smaller-diameter tunnels 
and pipelines, without the risk of serious water 
hammer. 


Compensation-Water Schemes 

A further application of the induction generator 
is the development of power from compensation 
water. In an installation of this type, water must be 
discharged from an impounding reservoir to maintain 
a statutory flow in the river downstream of the dam. 
Such compensation water is normally passed through 
a discharge regulator at the base of the dam, the 
energy in it being completely destroyed in a jet dis- 
perser. If a water turbine is installed in place of the 
discharge regulator, several hundred horsepower 





Fig. 2. Clunie dam compensation water unit. A 225 h.p. Francis turbine operating on 45 ft. head driving a 150 
kW 500 r.p.m. induction generator. The turbine is fitted with a hydraulic shut-down cylinder 
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which would normally be wasted can be usefully har- 
nessed. The power available is usually constant as it 
is dictated by the amount of water statutorily dis- 
charged, and the induction generating unit is extremely 
useful for this application. 

Installations of this type are most frequently used 
in waterworks schemes. They may also be used in con- 
junction with major hydro-electric projects, and Fig. 2 
shows a unit of this type installed at the Clunie dam 
of the North of Scotland Hydro-Electric Board. 


Storage Schemes 

Two impounding reservoirs at different elevations 
connected by a tunnel present an opportunity for yet 
another type of installation. Frequently, such a supply 
tunnel is extremely long compared with the head avail- 
able, obviating the possibility of installing a normally 
governed unit. The quantity of water passed is usually 
maintained at a constant figure for long periods, and 
the conditions are frequently suitable for the use of 
an induction generator driven by an ungoverned 
water turbine. 

The Mullardoch tunnel scheme recently brought 
into operation by the North of Scotland Hydro- 
Electric Board consists of a unit of this type. It is 
shown in Fig. 1 and comprises a 3,600 h.p. vertical- 
shaft Francis turbine operating on a head varying from 
20 to 90 ft. The turbine drives a 2,400 kW horizontal- 
shaft induction generator through a 208/750 r.p.m. 
speed-increasing combiwed bevel and helical gear unit. 
The complete plant is housed in an underground 
chamber 86 ft. below ground level. 


Power Recovery Plant 

A further application of induction generators is for 
power-recovery purposes in chemical plant. In many 
process industries liquids at high pressures must be 
discharged into vessels at a lower pressure. This is 
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Fig. 3. One of two 150 kW induction generators at Low Wood, Lancashire, each driven by a 220 h.p. open-type 
Francis turbine on ahead of 23 ft. 


normally done through a reducing valve, involving the 
loss of a considerable amount of power. The intro- 
duction of a turbine at this point makes this power 
available for use in the chemical plant and can bring 
about considerable economies. The manufacture of 
turbines of this type involves interesting design prob- 
lems as the liquids concerned are often highly corro- 
sive and also contain gas in solution which is liberated 
as the pressure is reduced in the turbine runner. The 
simplicity and robustness of the induction generator 
make it ideal for the electrical part of such plant. 


Mill Sites 

Another use of induction-generator units, which, 
although small in scale, should not be overlooked, is 
the replacement of old waterwheels at mill sites. Such 
installations have been carried out at many sites in 
Great Britain involving outputs from as little as 20 kW 
upwards. These units are of the simplest nature with 
hand-controlled turbines and the very minimum of 
protection on the generator. They normally run un- 
attended for long periods and are extremely reliable. 
A typical plant of this type is shown in Fig. 3. It is 
installed on the River Leven at Low Wood, Lanca- 
shire, at the site of a derelict gunpowder works. It 
consists of two 150 kW induction generators feeding 
into the national grid. Each is driven through a speed- 
increasing gear unit by a 220 b.h.p. horizontal-shaft 
open-type Francis turbine, and the station is expected 
to generate 2 million kWh in a normal year. 


Reaction-Turbine Installations 

Any type of water turbine may be used to drive an 
induction generator. As previously pointed out, many 
schemes of this type are used at sites that are un- 
economic for normal development and therefore fre- 
quently involve fairly low heads. Such schemes neces- 
sitate the use of reaction turbines. 
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For the very low-head installations it is usual to 
employ a vertical-shaft turbine of the open type set in 
a reinforced-concrete chamber. These turbines oper- 
ate at a comparatively low speed, frequently of the 
order of 100-200 r.p.m. While it would be possible to 
design an induction generator for this speed, it would 
be an expensive machine. It is normal practice to in- 
stall a high-speed horizontal-shaft generator driven 
through a right-angle-drive speed-increasing gear unit. 
Fig. 4 shows part of a plant of this type. It consists 
of a vertical-shaft open-type Francis turbine develop- 
ing 140 h.p. on a head of 8-5 ft. and running at 86 
r.p.m. It drives a 96 kW 750 r.p.m. induction genera- 
tor through a worm-gear unit. 

Turbines operating on rather greater heads run at 
higher speeds and are direct coupled to the induction 
generators. They may be arranged with either vertical 
or horizontal-shaft settings, the latter being the more 
common. Fig. 2 shows a typical unit of this design 
with an output of 150 kW on a head of 45 ft. 

Guide-vane control on the reaction turbine units 
may be by hand for the smaller schemes or by electric 
motor or oil or water servomotor 
for the larger ones. In every case 
guide-vane movement is compara- 
tively slow, avoiding undue pres- 
sure surges where a pipeline is 
used to convey water to the tur- 
bine. Mechanical protection is 
usually limited to an overspeed 
trip which initiates the slow clos- 
ing of the guide vanes. Because of 
this slow closure, the unit will 
often reach runaway speed in the 
course of emergency shut-down 
due to load rejection. Both turbine 
and generator are therefore de- 
signed to run safely at this over- 
speed. 

Further simplification is pos- 
sible in small plant running under 
constant-head conditions with 
ample water supply. The turbine 
can be fitted with fixed guide 
vanes and designed to work at a 
constant output. Starting and stop- 
ping are then carried out from the 
inlet sluice valve. It is practicable 
to omit overspeed protection on 
small machines in view of the fact 
that they are always designed to 
run continuously at runaway speed 
in the event of load rejection. 


Impulse-Turbine Installations 
While the majority of induction 
generators are driven by reaction 
turbines for the reasons previously 
stated, impulse turbines are equally 
adaptable for the duty. These may 
be either Pelton wheels or Turgo 
impulse wheels, depending upon 
the head and output. For heads of 
between 250 and 700 ft., the Turgo 
impulse wheel is particularly use- 
ful. It is a single-jet impulse-type 
turbine having the high specific 
speed (for an impulse wheel) of 
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11-5 r.p.m. (English Units). It thus runs at about 
twice the speed of the corresponding single-jet 
Pelton wheel, bringing about considerable economies 
in the cost of both turbine and induction generator. 
For higher heads, the Pelton wheel is normally 
employed. 

Both types are invariably horizontal-shaft direct- 
coupled units usually fitted with simple overspeed 
protection which is designed either to interpose a jet 
deflector between the nozzle and the wheel or to close 
the spear valve slowly. In small machines, the deflector 
is operated by a simple deadweight mechanism re- 
leased by the overspeed device. Larger turbines may 
have a water or oil servomotor to operate the deflector 
or spear valve. Electric-motor control may also be 
applied. 

A Turgo impulse wheel suitable for driving an in- 
duction generator is shown in Fig. 5. 


Remote Control and Automatic Operation 
Because of their simplicity, induction-generator 
units readily lend themselves to remote or automatic 


Fig. 4. A 140 h.p. vertical-shaft Francis turbine on 8 ft. 6 in. head 
designed to drive a 96 kW induction generator through a worm gearbox. 
Electric-motor operation is fitted to the guide vanes 


1956 


WATER POWER 


April 

















operation. Plant of this type may 
be designed to be started up and 
shut down from a major hydro- 
electric station some miles away, 
or, alternatively, it may be auto- 
matically controlled by a time 
switch. 

A further method of control 
may be actuated by a water-level 
transmitter sited at the turbine in- 
take. With this arrangement the 
unit remains shut down until there 
is sufficient water available in the 
storage reservoir. It is then auto- 
matically started up, switched in 
and put on load. It then operates 
until the intake level has fallen by 
a predetermined amount, at which 
point the circuit breaker is opened 
and the set shut down. 


The Generator 

The induction generator is often 
termed an asynchronous generator 
because when loaded it operates at 
speeds up to 3 per cent. above 
synchronous speed. It is a highly 
efficient, comparatively simple and 
requiring little maintenance. 

The induction-generator stator is constructed on 
similar lines to that of a synchronous machine, and the 
winding is normally arranged in semi-closed slots. 
The rotor is always stressed for safe prolonged run- 
ning at the runaway speed of the turbine and its con- 
struction follows the normal practice adopted for 
squirrel-cage-type rotors, the copper-bar winding 
being accommodated in semi-closed slots. In order 
to achieve high efficiency the resistance of the genera- 
tor rotor winding is lower than that of a squirrel-cage 
motor of similar capacity. 

The rotor of a 2.400 kW capacity machine designed 
for 750 r.p.m. and high runaway speed is shown in 
Fig. 6. In this particular case the shaft and core- 
centralising and supporting spider are machined from 
a steel forging to provide a rigid unit. This arrange- 
ment is essential in view of the fact that a short air 
gap is a characteristic feature of the induction 
generator. 

Small-capacity generators are built as self-contained 
machines with two endshield or endhood pedestal 
bearings as shown in Fig. 2. Larger horizontal-shaft 
machines are provided with water-cooled pedestal- 
type bearings, and a generator of this type is depicted 
in Fig. 1. 

As the excitation for the generator is provided by 
the system to which it feeds power, an exciter and the 
generator sliprings and brushes associated with it are 
not required, so that the generator is shorter than a 
synchronous machine and maintenance is generally 
reduced to periodical inspection of the bearings. Un- 
less there is a particular’ reason for adopting any other 
type of enclosure the induction generator is designed 
as a semi-enclosed machine. 


robust machine 


Factors for Consideration 

In determining the most economic generator design 
the factors to be considered are the speed, runaway 
speed, supply voltage, mechanical arrangement of the 
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Fig. 5. This 119 h.p., 355 ft. head Turgo impulse wheel is fitted with a 
simple weight-operated device which actuates the jet deflector on over- 
speed. It is designed to drive an 82 kW induction generator 


unit, method of operation and imposed weight limita- 
tions. The normal speed and pressure-regulation prob- 
lems associated with synchronous water-turbine- 
driven generating equipment are of no consequence 
in so far as the induction generator is concerned for 
reasons previously stated. This has a very pronounced 
effect upon the electrical design of the machine as it 
is not normally required to incorporate any specific 
value of flywheel effect in its rotor. The result is a 
minimum generator weight for a given output and 
speed. 

Assuming that the runaway speed of the water tur- 
bine is not excessively high the most economic designs 
are for speeds of 750 and 1,000 r.p.m. These speeds 
represent the best choice between heavy slow-speed 
and highly stressed high-speed equipment, both being 
costly. However, the generator speed is predetermined 
by hydraulic conditions at site, and whenever the 
speed of the turbine is low it is advisable to incor- 
porate a speed-increasing unit between the turbine and 
generator. In determining the best arrangement the 
cost and performance figures of a direct-coupled unit 
are compared with those of a geared one. Further, the 
gear unit introduces flexibility in so far as the mechani- 
cal'arrangement is concerned as it permits coupling of 
a vertical or horizontal-shaft turbine to a horizontal- 
shaft generator. As the capacity of the generating unit 
increases a stage is reached when no advantages are 
to be gained by the use of a gear unit. 

The mechanical arrangement of the generating unit 
is often predetermined by the conditions prevailing at 
a given site. In general, the horizontal-shaft set is the 
most economic proposition as it can be accommodated 
on one level. Each component part is easily accessible 
and the height of the station can be kept to a mini- 
mum. Lifting difficulties at site often affect the 
mechanical arrangement, and an example of this is the 
plant shown in Fig. 1. Here the water turbine, gear 
unit, generator and control panels had to be lowered 
down an 86 ft. deep vertical shaft. 

Induction generating units lend themselves to erec- 


131 








tion in semi-outdoor structures where all or pari of 
the conventional power-house building is omitted. 
However, units are more often installed at sites which 
are not easily accessible; for instance, compensation- 
water turbines are erected within the dam structures 
or near the tunnels connecting the storage reservoirs. 
In the latter cases the problems of generator cooling, 
prevention of condensation and ventilation of the 
machine room arise 

At Mullardoch power station the generator is used 
to stimulate air circulation. Cooling air enters the 
machine chamber from the access shaft and is then 
drawn into the generator. After cooling the machine 
it is discharged into an air duct which conveys the 
heated air up the access shaft and into the atmosphere 
at ground level. 

The choice of the most economic generator voltage 
depends predominantly upon the capacity of the 
machine and to a certain extent upon the voltage of 
the system. An increase in generator voltage affects 
the physical dimensions and weight of the machine 
due to the greater volume of insulation to be accom- 
modated and increased electrical clearances. This in 
turn has a considerable effect upon the cost of the 
machine. Up to 1,500 kW capacity low-tension supply 
is preferable although generators down to 150 kW 
capacity can be designed for 3.300 V supply. Often 
machines are designed for this supply in order to avoid 
the use of step-up transformers between the machine 
and 3,300 V transmission lines. Machines rated for 
an output above 4,500 kW can be designed for 6°6 or 
11 kV high-tension supply. When a transformer is 
interposed between the generator and the supply 
system it is an advantage to design the machine for the 
lowest voltage within the range of outputs indicated 
above. The increase in cost of the generator due to the 
higher voltage is greater than the corresponding de- 
crease in the transformer cost for a lower voltage ratio. 
Salient Characteristics 

The induction-generator voltage, speed and fre- 
quency are controlled by the electrical system which 
provides it with excitation current; 
consequently neither automatic 
voltage-regulating equipment nor 
a turbine governor is required. 
Further, as the incoming machine 
is not alive until switched into the 
system there is no need to provide 
synchronising equipment. The in- 
ability of the induction generator 
to self-excite, which precludes it, 
under normal circumstances, from 
operation as an isolated unit has 
its advantages in so far as its pro- 
tection system is concerned. 

Overloading of the machine is 
difficult since the generator will 
not accept reactive kVA in excess 
of that necessary for excitation 
purposes when delivering a pre- 
determined output. Also, in the 
event of a short circuit at the bus- 
bars or generator terminals the 
machine loses its excitation and 
consequently the short-circuit cur- 
rent ceases to feed the fault. 

The efficiency figures of an 
induction generator compare 
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favourably with those of a synchronous machine, an 
the maximum efficiency of an induction generato 
is normally in the region of 80 per cent. of full load 
There is comparatively little variation in efficienc 
figures for the load range from 50 per cent. to 100 pe 
cent. full load. 

The power factor of medium and large-capacit) 
machines can be as high as 0-9 at full load. There is 
an appreciable reduction in the power factor below 60) 
per cent. full load, but as induction-generating 
units should be operated as close to full load as pos- 
sible no great disadvantage is involved. As the 
induction-generator excitation is provided by the 
synchronous generators connected to the same 
system, the addition of an induction-generating unit 
tends to decrease the overall power factor, but nor- 
mally, in view of the vast difference between the capa- 
city of the system and that of the induction-generating 
unit, the overall effect upon the power factor is negli- 
gible. Where long transmission lines are involved an 
induction generator introduces a stabilising effect. 
However, in cases where it is essential to avoid any 
decrease in power factor of the system by the induc- 
tion generator, a bank of condensers can be installed 
to provide the generator with the bulk of its excita- 
tion current. This method is rather costly and tends 
to complicate the installation, the chief characteristics 
of which should be simplicity and maximum economy. 


Starting and Control Equipment 

The choice of switchgear and control equipment 
depends mainly upon the capacity of the set, its mode 
of operation, and the site conditions. In order to main- 
tain the simplicity of the installation. the equipment 
is frequently arranged for operation in normally un- 
attended stations, being manually started and auto- 
matically shut down in case of emergency. 

Although an _ induction-generator unit can be 


started in a manner similar to that of a squirrel-cage 
induction motor, 1.e., by switching it direct on to the 
line, this method is not commonly adopted because 





Fig. 6. Squirrel-type rotor for 2,400 kW, 750 r.p.m. (2,150 r.p.m. runaway 


speed) induction generator 
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an efficient induction generator by 
virtue of its rotor design has poor 
starting - torque characteristics. 
Further, in order to accelerate the 
unit up to speed the current drawn 
from the line would be approxi- 
mately six times the full load cur- 
rent. a condition which may be 
difficult to achieve at the end of a 
long transmission line. 

Normally, an induction genera- 
tor is run up to speed by a water 
turbine, and when the synchronous 
speed is reached the generator cir- 
cuit breaker is closed. At the in- 
stant of closing the circuit breaker 
the flow of current from the supply 
system excites the machine which 
then becomes alive and is ready 
for loading. The starting-current 
surge is of very short duration, not 
exceeding five cycles, and there is 
no appreciable transfer of power 
between the system and the gen- 
erator because the current is at 
a low power factor. In fact, the 
disturbance to the system is less 
than that resulting from switching in a similar-capacity 
transformer. 

The equipment normally provided for starting up 
small-capacity units, switched in from a nearby point, 
comprises a circuit breaker, a mechanically driven 
tachometer and a simple stroboscopic arrangement 
consisting of a neon lamp supplied from the system 
and stroboscopic markings on the shaft extension or 
generator coupling which are illuminated by the 
lamp. The speed of the induction generator is con- 
trolled by the opening of the turbine guide vanes or 
other means of water-flow control. 

Large-capacity units may be provided with a small 
direct-driven permanent-magnet generator arranged to 
supply an electrically operated tachometer and strobo- 
scopic device. These facilitate the starting of the set 
from a remote point, and constitute a development 
of the simpler arrangement indicated above which 
can only be adopted when the machine is in view of 
the operator. A small permanent-magnet generator 
can be seen in Fig. | outside the near pedestal bear- 
ing. 

When fully or partly automatic operation is re- 
quired the stariing and stopping sequence is controlled 
by a speed-sensitive device either direct driven from 
the generator shaft or by a _ permanent-magnet 
generator. 

The switchgear and control equipment cubicles for 
the Mullardoch generating unit are shown in Fig. 7. 
In addition to manual control the generating set has 
provision for remote control from a base-load station 
approximately 10 miles away. The main control board 
comprises the oil circuit breaker, control and relay 
cubicles. On the right-hand side of the photograph the 
a.c. and d.c. distribution board can be seen with con- 
trol equipment for the auxiliaries associated with 
generating plant, lighting and heating circuits. In this 
particular case, the auxiliary equipment is of necessity 
more elaborate than usual because additional fully 
interlocked controls are provided for regulation of the 
water flow in the tunnel connecting the two impound- 
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Fig. 7. A control board for an induction generator comprising relay, 
control and O.C.B. panels. The distribution board is seen at the right 
of the picture 


ing reservoirs as well as hoist and lift equipment in 
the machine-room access chamber. 


Conclusions 

There appear to be no specific reasons beyond 
normal mechanical design considerations which would 
tend to limit the capacity of a well-designed induc- 
tion generator. The limitations in so far as larger capa- 
city units are concerned are normally imposed by the 
characteristics of the electrical system and by econo- 
mic considerations. From experience it appears that 
at present in the majority of cases the maximum ad- 
vantage is to be gained from plant rated up to 5,000 
kW capacity. The capital cost of such plant is suffi- 
ciently lower than that of synchronous equipment to 
make it attractive. As the output increases beyond this 
limit the gain due to the omission of a governor, ex- 
citation system and synchronising equipment becomes 
smaller and the difference in cost between the induc- 
tion and synchronous plant tends to diminish. 

From the analysis of economic and _ technical 
aspects of a considerable number of installations it 
can be concluded that the water-turbine-driven induc- 
tion generator has already proved itself successful in 
the econemic development of many comparatively 
small water-power sites. The limitations of this class 
of equipment such as its inability to operate in- 
dependently or to contribute towards power-factor 
control are offset by its relatively low capital cost. 
simplicity and reliability. Once it is established that 
an induction generator can be installed at a given site 
it will subsequently prove itself to be a most useful 
addition to the generating capacity of the system. 

The authors wish to acknowledge the assistance 
given by Gilbert Gilkes & Gordon Ltd., Kendal, and 
Bruce Peebles & Co. Ltd., Edinburgh, in the compil- 
ing of this article and the provision of the illustrations. 
The authors’ thanks are also due to the North of Scot- 
land Hydro-Electric Board for permission to publish 
the illustrations depicting the plant installed at Clunie 
and Mullardoch power stations. 
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The St. Lawrence Seaway and Power 
Project 






H. G. Cochrane, M.E.I1.C., gives an outline of this stupendous 
Canadian/American project and recounts progress to the end of 
November, 1955. The International Rapids section will have a 
capacity of 2:2 million horsepower out of a total potential of 
11 million horsepower for the whole of the St. Lawrence basin 


PART ONE 


" HE SEAWAY ” is the term applied to the St. 
Lawrence Seaway navigation channels, upstream 
from Montreal. The stretch from Montreal 

downstream to tidewater 30 miles below Quebec City 

is the “St. Lawrence Ship Channel,” provided by 

Canada to bring ocean-going ships to Montreal. It now 

has a depth of 35 ft., and will provide the ocean link 

for the Seaway. 

The idea of a continuous deepwater Seaway chan- 
ne! dates back to 1895, but not until 1932 was a com- 
plete plan conceived for the project. This was ap- 
proved, set up in the form of a U.S.-Canada Treaty, 
which the U.S. failed to ratify. In 1941, with up-to- 
date engineering plans, an attempt was made to get 
approval in the U.S. by means of an “ International 
Agreement.” This needed only a majority vote in the 
U.S. Senate and House. not the two-thirds Senate 
majority needed for a treaty. Repeated tries ended in 
failure—the last one in 1952. Losing hope that the 
U.S. would ever come into Seaway plans, Canada con- 
ceived the plan of building it alone. In June, 1952, the 
two countries reached an understanding that a joint 
application would be made to the International Joint 
Commission for a new power and navigation plan. 

In 1953 U.S. Federal Power Commission approved 
power development in the International Section of the 
St. Lawrence between Ogdensburg and Cornwall, the 
cost of the power project being carried by the Province 
of Ontario and the State of New York. The Ontario 
Hydro Electric Power Commission was designated as 


agent for the province, and New York State Power 
Authority for New York State. Canada announced it 
would build the Seaway, and a Crown company, the 
St. Lawrence Seaway Authority, was set up. 

Senator Wiley, chairman of the U.S. Senate Foreign 
Relations Committee, launched a new drive for U.S. 
approval of the Seaway. This resulted in passage in 
May, 1954, of the Wiley Act, which authorised setting 
up of the U.S. Seaway Development Corporation, 
which can spend $105 million for a navigation chan- 
nel in the International Rapids Section, entirely within 
U.S. territory. 

Work downstream from the International Rapids 
Section is entirely a Canadian responsibility. The fact 
that ultimate development of over a million horse- 
power by Quebec Province is involved in the Lachine 
Section called for an understanding between Quebec 
and Federal authorities. Premier Duplessis said his 
pravince would defer development of Quebec’s share 
of power until a later date and Federal authorities 
have proceeded with the construction of navigation 
facilities alone—at a somewhat higher ultimate cost 
than if both were done at the same time. 


A Vast Drainage System 

The Great Lakes-St. Lawrence Basin, is a vast 
drainage system covering 493,000 sq. miles in Canada 
and 185,000 in U.S.; it takes in five Great Lakes and 
all their tributary rivers and streams. This Basin con- 
tains five steps—simultaneously its chief assets and its 
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Fig. 2. Power-plant cofferdam at Barnhart Island, taken from the American side 


chief liabilities; assets because they offer 11 million 
h.p. of electrical energy (two-thirds as yet unde- 
veloped), liabilities because vessels cannot pass them. 
There is a drop of 21 ft. at St. Mary’s Falls between 
Lakes Superior and Huron, 8 ft. through the St. Clair 
and Detroit rivers, 326 ft. between Lakes Erie and 
Ontario, 225 ft. between Lake Ontario and the port of 
Montreal, and between Montreal and the sea a further 
20 ft. These five steps will ultimately permit develop- 
ment of some 11 million h.p.: 5-4 million at Niagara, 
2:2 million in the International Section, 2 million in the 
Soulanges or Beauharnois Section, and 1-2 million in 
the Lachine Section. About two-thirds of this total 
power is Canadian, one-third American. Already 
100,000 h.p. is developed at Sault Ste. Marie; 1.681,000 
at Niagara Falls, Ont.; 594,000 at Niagara Falls, N.Y.:; 
93,000 at Massena, N.Y.; 1,605,000 in the Soulanges 
Section—roughly one-third of the total potential. 
Continuous downbound channels are available all 
the way from Duluth to Prescott to a draft of 25 ft. 


The shallowest upbound channels are navigable to a 
depth of 21 ft.. allowing the largest lake vessel to 
load more than 20,000 tons. For passing the fifth step 
—the 115 miles lying between Prescott and Montreal 
—there are only canals of 14 ft. depth with small 
locks. The largest vessels that can pass carry less than 
3,000 tons, most of them 2,500 tons. 

In most large North American rivers, fiood flow and 
extreme low flow differ widely. The St. Lawrence, 
however, has five tremendous natural lakes for storage 
reservoirs, and as a result its flow is very dependable, 
the ratio of maximum to minimum flow over an 80- 
year period being only 2:2: 1. Regulation as planned 
will result in a minimum flow of 180,000 cusecs— 
12 per cent. greater than under natural conditions. 
Maximum flow will be held at 310,000 cusecs, which is 
practically the same as in nature. After completion of 
the Seaway, the minimum level of Lake Ontario will 
be raised by nearly a foot, and the maximum level re- 
duced by 6 in. 
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No More Ice Jams 

Open navigation seasons for the Seaway will aver- 
age seven months, mid-April to mid-November. Since 
1914, the shortest open navigation season was in 1943 

193 days, and the longest in 1953—-263 days. The 
earliest recorded date of opening is March 28 and the 
latest closing date, December 10. During the five 
winter months the fact that nothing must be allowed 
to interfere with the flow of the river makes it im- 
portant that the ice cover be formed early and retained 
throughout the winter. Under present natural condi- 
tions the river runs open all winter between Prescott 
and Lake St. Francis, but thin ice formed in the bays 
is broken by wind and waves and is carried down and 
lodged at the head of Lake St. Francis under the ice 
cover, like finely chopped ice in a cocktail shaker. 
This “frazil” ice packs upstream sometimes as far 
back as Cornwall. 

If the average river velocity is kept below 1:5 ft. per 
sec., ice will form (as on a lake) at freezing tempera- 
tures, and frazil ice will not be carried under cover 
to pile up under it and lessen the area of the stream. 
but when this velocity is exceeded, frazil ice is carried 
down under cover to form “ hanging dams.” It is pro- 
posed to enlarge the cross-sectional area of the river 
between Morrisburg and Cardinal so that velocities 
will never exceed 2:25 ft. per sec. during ice-forming 
periods. Thus the required rough-ice cover should be 
formed by ice brought down from above packing 
upstream, without being carried under to form ™ hang- 
ing dams.” 


Two Joint Projects 

Joint participation by the U.S. and Canada in the 
International Section involves two projects. No. | 
is a hydro-electric plant a short distance above Corn- 
wall (see Fig. 1), astride the International Boundary 








Fig. 3. Excavation in progress for lroquois Lock. In the foreground is the Canadian 14 ft. canal 





between the Canadian mainland and Barnhart Island. 
The power house will be 3,500 ft. long, and will con- 
tain 32 waterwheels developing 2-2 million h.p. from 
81 ft. head. Power will be divided equally between 
Ontario and New York State. With it will be built two 
control dams, one joining Barnhart Island to the U.S. 
mainland, to be built by the U.S., the other across the 
entire river at Iroquois sorme 25 miles farther up- 
stream, to be built mainly by the U.S. Project No. 2 
involving both countries is the building of the naviga- 
tion channel and locks between Cornwall and the 
lower end of Lake Ontario near Iroquois. Here the 
U.S. builds two locks at Massena while Canada will 
build a lock at Iroquois. 

As well as the International Section projects, work 
must be done farther downstream to complete a 27 ft. 
deep navigation channel between Cornwall and Mon- 
treal. This is an all-Canadian undertaking. In the 
Soulanges section, the Beauharnois Canal—already 
built to carry sufficient water to supply the turbines 
in Hydro-Québec’s Beauharnois power house—must 
be dredged deep enough for navigation, with twin 
locks to be built at the west end of the power house. 
This will be Canada’s expense. 

In the Lachine Section, a combined seaway and 
power project would embody a navigation channel 
between the Caughnawaga railway bridge at the foot 
of Lake St. Louis and the Victoria railway and high- 
way bridge opposite Montreal. High dykes would 
be built on ‘either side of the channel to protect the 
low-lying shores. The navigation channel would be 
dredged behind a dyke. A dam and power house to 
develop 1:3 million h.p. would be located above the 
Victoria Bridge, and the four existing bridges would 
have to be raised at their south ends to permit naviga- 
tion. Canada would build the navigation channel, locks 
and dykes and raise the bridges, while the Province of 
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Fig. 4. Barnhart site, looking upstream, showing power-plant cofferdams in the foreground, Long Sault 
dam construction at upper left, and access tunnels under 14 ft. canal at lower right 


Quebec would develop the power. The cost of the 
combined project is estimated at more than $400 
million. Seaway Authority and Hydro-Québec en- 
gineers have not yet agreed on the best locations for 
the necessary structures; further study of several possi- 
bilities is required. 

Quebec, however, may not need Lachine Section 
power for several years. Canada is therefore at present 
going ahead with construction of the navigation 
features only. This involves two guard locks and a 
ship channel dredged behind a permanent dyke along 
the south shore of the river through the Laprairie 
Basin. The southern ends of the Harbour and Mercier 
highway bridges must be raised high enough to clear 
navigation, while the Caughnawaga railway bridge 
and the Victoria railway-highway bridge will require 
swing or bascule spans. A fourth highway bridge will 
be built across the river over Nuns Island, upstream 
from the Victoria Bridge. The probable cost of this 
work for navigation.only, to be built by Canada’s 
Seaway Authority, is estimated at some $125 million. 

Above the International Section, the United States 
has dredging to do in the Thousand Islands Section 
and in the upbound channel in the Detroit, St. Clair 
and St. Mary’s rivers. Canada must do a small amount 
of further dredging on the Welland Canal. 

The total estimated capital expenditure for both 
power and navigation at current prices is thus seen at 
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some $1-33 billion. Excluding development of power 
in the Lachine Section the total would be $1-03 bil- 
lion—$507 million in the United States and $523 mil- 
lion in Canada. 

Estimates of on-site employment during construc- 
tion average some 15,000 men over the five-year life of 
the job. Of these, 9,500 (or about 2 per cent. of total 
Canadian construction on-site labour force) would be 
employed in Canada. Expenditures, and by the same 
token employment, might amount to averages of about 
15% of total in 1955, 25%, in 1956, 30% in 1957, 
25% in 1958 and 5% in 1959. First power delivery is 
expected sometime in 1958. By that time it will be 
urgently needed by Ontario, since output from current 
additions at Niagara will have been fully absorbed 
into Ontario Hydro’s Southern Ontario system. The 
entire project with the exception of Lachine power 
facilities will be completed early in 1960. 


Main Power Structures in International Section 

The power house—the largest single structure of 
the project—is bisected by the International Boundary 
and will span the channel between the eastern end of 
Barnhart Island and the Canadian shore, some three 
miles west of Cornwall. The structure, which in itself 
will act as a gravity dam, will have a maximum height 
of 162 ft. above the foundation and an overall length 
of 3,300 ft. 
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Constructionally known as a modified outdoor type, 
the power house will have no conventional super- 
structure over the generating room, but the units will 
be protected by removable housings. The architectural 
treatment will be simple and functional, facilities being 
provided for visitors to have a comprehensive view of 
the power house. Switchyard facilities for Canada will 
be located some four miles away on the Canadian 
shore and for the United States on Barnhart Island. 


The Contro] Dams 

Upstream from the generating station and stretching 
from the upper end of Barnhart Island to the United 
States mainland, the Long Sault dam will be built. 
The purpose of this structure will be to control the 
amount of water in the head-pond allowing, as neces- 
sary, any excess amount to bypass the power house. 
This dam and the power plant will combine to obtain 
the head of water required to operate the turbines. 

The Long Sault dam will be a concrete gravity 
curved-axis spillway structure 2,250 ft. long, with a 
maximum height of about 145 ft. above the founda- 
tion. It will have a discharge capacity far in excess of 
the maximum flow of the river. The spillway section 
will have thirty 50 ft. wide vertical-lift gates. Because 
of low winter temperatures, special atention is being 
given to the problem of keeping the gates and guides 
free of ice by appropriate heating arrangements. 

The third structure, a control dam, will be built 25 
miles upstream from the Long Sault dam, in the 
vicinity of Iroquois Point on the Canadian side and 
Point Rockaway on the United States side. Its main 
function will be to permit regulation of the outflow of 
water from Lake Ontario. In addition to these three 
structures some 14 miles of dykes will be built, which 
will include almost 10 million cu. yards of compacted 
material, while channel improvements involving the 
excavation of about 61 million cu. yards of earth and 
5 million cu. yards of rock will be carried out so that 
certain navigational and hydraulic requirements will 
be met. 


Size of Project 

An indication of the immense size of the St. Law- 
rence Power Project is revealed in the fact that about 
2:7 million cu. yards of concrete, 1-7 million cu. tons 
of sand and 2-7 million tons of stone will be needed 
for all structures on both sides of the river. In addi- 
tion, about 20,600 tons of structural steel and 20,200 
tons of gates, hoists and cranes will be required. Ex- 
cavations for the four principal structures will include 
about 4,220,000 cu. yards of earth and 505,000 cu. 
yards of rock. 

To assist in dewatering the area in which the Long 
Sault dam is to be built, advantage has been taken of 
a natural diversion of the river into two channels by 
Long Sault Island. Consequently, the dam will be 
built in two parts, known as the southern and northern 
sections. While the southern or first part is being con- 
structed, water from the southern channel will be 
diverted into a channel north of Long Sault Island 
in the immediate vicinity of the dam. Later, while the 
northern portion is being constructed, the total river 
flow will be diverted into the south channel and 
through an opening left in the southern portion of the 
dam, previously built. 

These diversions are being accomplished by means 
of cuts through Long Sault Island and construction of 
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four cofferdams. As a result, the area within the 
respective cofferdams can be pumped out to permit 
erection of the structure in the dry. This arrangement 
also allows building operations to be carried out while 
maintaining satisfactory water levels in various key 
locations. 


Construction Methods 

Methods of construction, described above, were 
reached with the help of Ontario Hydro’s St. Law- 
rence hydraulic scale models, located in Islington, 
Ontario. Built from data obtained from many surveys, 
these models accurately reproduce the International 
Rapids Section and actual river conditions. Con- 
sequently, they have permitted engineers to test build- 
ing methods and to determine the best type of con- 
struction for the four principal structures. When 
tendering on the project, contractors have also been 
able to determine the exact sites of the various struc- 
tures, the best means of access, the topography of the 
surrounding terrain and various water velocities. 

Scale models have also been set up by the National 
Research Council in Ottawa for S.L.S.A. to study 
channel improvements in the International Section, 
while S.L.S.A. is building a hydraulic laboratory near 
Montreal for similar studies on the Lachine Rapids. 

When construction of the project has advanced to a 
point where power can be generated, the tunnel- 
diversion-port gates of the Long Sault dam will be 
lowered, forcing the river level to rise until a head of 
water has been obtained sufficient to operate the huge 
power houses. This step will mean that some 20,000 
acres on the Canadian side will be flooded, affecting 
some 6.500 persons, in the villages of Iroquois, Aults- 
ville, Farran’s Point, Dickinson’s Landing, Wales, 
Moulinette and Mille Roches, as well as-about one- 
third of the Town of Morrisburg. In addition, about 
225 Canadian farms will be affected, and about 40 
miles of railway line and 35 ntiles of highway must be 
relocated. On the American side, about 18,000 acres 
will be flooded, requiring the displacement of about 
225 farm families and 500 cottages owners. Major 
flooding will not take place until 1958, and by that 
time all buildings, railway lines, highways, trees, fences 
and brush will be removed from the lands to be sub- 
merged on both sides of the river. 


Progress by Ontario Hydro 

The total earth-moving for Ontario Hydro’s section 
of the St. Lawrence Power Project to the end of 
November amounted to some 6 million cu. yards. This 
included excavation on the power-house site, dyke 
work, cofferdams, railway and highway relocation, 
and other phases of work. During November the first 
section of the relocated No. 2 Highway was opened 
to traffic. This 7:2 mile stretch is from Cornwall to the 
Moulinette. On the new St. Lawrence transformer 
station most of the ground work had been done, the 
ducts were in place, footings and foundations were 
built, and some of the steel was erected. 

Good progress had been made on the diversion 
canal. Additional equipment had been moved to the 
site, and with the diversion of traffic from the former 
No. 2 Highway, a speed-up in the tempo of operations 
had resulted. Because of the diversion canal, a second 
length of access tunnels had been necessary to pass 
under this waterway. Excavation for these tunnels had 
been completed, the concrete anchor pad for the steel 
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Fig. 5. Excavations for Seaway canal opposite Montreal harbour 


tunnel liners had been poured, and the liners were in 
place by the end of November. 

At the power-house site, an estimated total of more 
than 800,000 cu. yards of excavated material had been 
hauled away to the disposal area. More holes were 
drilled in the power-house area and these were 
grouted. Meanwhile, on the Cornwall Dyke, work con- 
tinued on stripping of borrow in section 2. The haul 
roads had been prepared and excavating the clay 
crossing in section 3-had started. 

Channel improvement work progressed favourably. 
Removal of the western end section of Spencer Island 
Pier to elevation 220-0 was completed in the Chimney 
Island sector. Pile driving for the bridge in the cause- 
way to Spencer Island also was completed. A total of 
more than 230,000 cu. yards had been excavated to 
date. 

Similar progress had been made on Galops Island, 
where excavating continued in the main cut, and de- 
watering of the first excavation bay was completed. 
The total excavation to the end of November in the 
Galops Island area amounted to over a million cu. 
yards, and clearing of the island was virtually com- 
pleted. 

Rehabilitation work continued with little interrup- 
tion at Iroquois during November, and a total of 55 
houses had been moved to the new town site, where 
much progress was made in laying sewers, water mains 
and other facilities. Meanwhile, at Mille Roches 
about 40 houses had been surveyed during the month 
in preparation for the developoment of townsite No. 2. 
Necessary tree clearing was started and surveys com- 
pleted for access roads. 

_ In general, the progress of the work was outstand- 
ing during November, with some 35 major supply and 
construction contracts in progress. As the tempo of 
construction increased, the work force had risen to 
some 2,700 persons employed on Ontario Hydro’s 
part of the project. 
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Progress by New York State Power Authority 

Progress during November was highlighted by two 
major achievements. The first concrete superstructure 
of the Barnhart Bridge, connecting the Island and the 
Mainland, was completed. In addition, total excava- 
tion quantities for all construction contracts had 
passed 64 million cu. yards out of a total estimated 
50 million cu. yards. 

In the power-house area, excavation was continued. 
More than 100,000 sacks of cement had been used in 
foundation consolidation and as a seal for rock ex- 
cavation. While placing of embankment for the South 
Forebay Dyke had been discontinued for the winter, 
suitable material was being stockpiled for construction 
in the spring. On the river side of the main cofferdam, 
steel-sheet-pile baffles were being reinforced as added 
protection from ice damage. :; 

At Long Sault dam, blocks of concrete rose in the 
right abutment end and began to define the shape of 
the structure, while rock was being removed at the 
other end of the area. In Cut “F” excavation was 
accelerated as more than 1} million cu. yards of earth 
had been moved to date. 

In addition to the placing of concrete at Iroquois 
dam, the driving of steel cofferdam cells progressed 
and earth excavation yardage reached the million 
mark. At the Massena intake, more than half a million 
cu. yards of earth had been excavated as construction 
of the dyke progressed. 

Placing of concrete on the Barnhart Bridge sub- 
structure was completed and construction of the access 
road and railroad on Barnhart Island was being 
pushed through in readiness for traffic. Steel girders 
spanned the Grass River between abutments, and pre- 
parations were in progress for placing concrete cn the 
highway over the bridge. 

Channel improvement excavation continued. At 
Red Mills Point, work progressed in spite of high 
water overtopping the cofferdams. About 1,600 ft. of 
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Fig. 6. Section through the American portion of the power plant 


cofferdams had been built in the Galop Island South 
Channel in preparation for underwater excavation. A 
12 cu. yard dredge arrived and started work in the 
Chimney Island area. With some 52 major supply and 
construction contracts in progress, production of plans 
and specifications continued on schedule. At the end of 
November some 3,200 persons were employed on the 
work. 


Progress on Canadian Navigation Facilities 

A total of 28 contracts, valued at some $57 million, 
had been awarded by the St. Lawrence Seaway 
Authority up to the end of 1955, as winter set in and 
the navigation season closed for the year. Work com- 
pleted at that time stood at approximately 15 per cert. 
of the total of the 35 million yards of material involved 
in contract awards. The 10 dredges working in Lake 
St. Louis and Lake St. Francis had ceased operations 
for the winter. Cofferdam work in the Laprairie Basin 
will be restricted because of icejams and higher water 
levels, while excavation on sites not clear of water 
cannot be worked. 

But most of the work will continue throughout the 
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winter, with 75 per cent. of the labour employed 
during the summer, on navigation works. The heavy 
earth cuts at Iroquois and Cote St. Catherine Locks, 
and rock excavation on overland channels, will pro- 
ceed as usual, as well as enlargement of Jacques 
Cartier bridge piers and foundations for the Seaway 
Headquarters building in Cornwall. 

For dredging the Seaway channel in Lakes St. Louis 
and St. Francis, involving the removal of some 8°3 
million cu. yards of underwater earth and rock, at least 
2 million cu. yards or 25 per cent. had been removed 
in one season, while three more seasons remain to 
complete the work before the opening of navigation 
early in 1959. 

At the upstream end of the International Section 
25 miles above Cornwall on the Canadian shore, a 
canal and lock is being built across Iroquois Point, 
which will serve to carry vessels past the Iroquois con- 
trol dam, that will control the level of Lake Ontario. 
About 1} miles in length, this contract requires ex- 
cavation of some 44 million cu. yards of material, 
mostly earthfill. About a third of the excavation had 
been completed behind cofferdams built at the up- 
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Fig. 7. Section through the Canadian portion of the power plant 


stream end, while work was proceeding on erection of 
the concrete-mixing plant, and equipment repair 
shops had been provided. 


In the Soulanges Section 

Meantime, another major link in the navigation 
channel, namely, the Beauharnois Canal, is proceeding 
in the Soulanges Section on the Canadian side. On this 
huge dredging operation for the 154 mile bypass of 
the rapids between Lake St. Francis and Lake St. Louis, 
commenced 25 years ago by Beauharnois Power 
Company, dredging is being continued by Hydro- 
Quebec as part of their giant Beauharnois power de- 
velopment, ultimately to contain 2,200,000 installed 
horsepower. 

Today this canal, on which 160 million cu. yards of 
material has already been excavated, can at times 
carry the entire usable flow of the river to the 28 tur- 
bines now installed, rated at 14 million horsepower. 
Completion of the canal will take another ten years, 
and involves removal of a further 60 million cu. yards 
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of clay, boulders and rock, together with the naviga- 
tion at its lower end alongside the Beauharnois power 
house, to make the canal an integral port of the Sea- 
way navigation channel. 

Here three big dredges with a combined capacity of 
17,000 h.p., and costing $8 million, are operating eight 
months of the year. Two are suction dredges owned by 
Hydro-Quebec, the third being a dipper dredge oper- 
ated by Marine Industries Ltd., on a cost-plus con- 
tract. The entire operation employs 600 men in the 
operating season and half that number in winter. The 
largest of these dredges is the “ Hydro-Quebec,” the 
world’s most powerful cutter-head suction dredge. 
Commissioned in 1952, it has already worked two full 
seasons. Working in boulder clay, it excavates between 
two and three million cu. yards per eight-month 
season and would handle twice that amount of 
boulderless marine clay. 


Channel on the American Side 
On the American side of the river, the St. Lawrence 
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Seaway Development Corporation has three major 
contracts under way on the 10 mile Sault Canal, with 
its Robinson Bay and Grass River Locks, and two 
dredging contracts further upstream. 

At the far upstream end of the work a cross-island 
channel is being cut through by “ The Gentleman,” a 
huge 650 ton dragline from the Kentucky coalfields, 
with a 14 yard bucket on an 85 ft. boom, on a contract 
for digging 3-9 million cu. yards at a bid price less 
than half the Government’s estimate. Farther down- 
stream, where the channel location cuts across 
country, a Joint Venture group has a contract for 
moving 12-5 million cu. yards of channel excavation. 
This is a dragline operation and was well started by 
late November. Two dredging contracts on the Corn- 
wall Island Section and in the 1,000 Island Section 
complete the work in hand on channel excavation on 
the U.S. side of the river. 

Excavation for Grass River Lock, 80 ft. deep to 
rock, is also under way. In spite of the difficulties en- 
countered in dewatering and in handling the sticky 


material, the contractor had more than half com- 
pleted the work. On the contract for excavation for 
the Robinson Bay Lock farther upstream, the 
original contractor encountered difficult sticky clay 
material for which the bid price was too low. After 
half completing the excavation job, he defaulted in 
September, and it is now being finished by another 
construction firm. 

Awards of contracts for construction of the two 
locks are yet to be made. The whole project will be 
pushed to completion over the 1956 and 1957 con- 
struction seasons, in order that limited 14 ft. draft 
navigation may be possible by July, 1958, at which 
time the old 14 ft. Cornwall Canal on the Canadian 
side will be closed. As at December 1, 1955, total 
SLSDC employment stood at some 450. 

(To be continued) 


Note. Figs. 2 and 4 are reproduced by courtesy of 
New York State Power Authority, and Figs. 3 and 5 
by courtesy of Van der Aa, Photographers, Montreal. 





North of Scotland Hydro-Electric Board Report 


The North of Scotland Hydro-Electric Board’s 
Annual Report for 1955* shows that the Board in- 
creased the potential output of their water-power 
stations to 1,469 million kWh per annum, connected 
16,015 new consumers to their mains, and sold to the 
338,142 consumers in their area over 1,061 million 
kWh or 91 per cent. of the total output. The Report 
states that the extraordinary and long-continued 
drought, which was the worst ever known in most of 
the Board’s catchment areas, had serious repercussions 
upon a year’s income and expenditure already upset 
by continuing inflation. The total capital expenditure 
during the year amounted to £22,076,000 and the 
aggregate capital expenditure to the end of the year 
was £140,551,000. 

New stations and plant commissioned during the 
year increased by 127,410 kW to 558,795 kW the capa- 
city available to the Board from hydro-electric plant 
and raised the potential output from 1,123 million 
kWh to 1,469 million kWh in a year of average rain- 
fall. 

The following new hydro generating sets were 
brought into operation: Clachan (Shira) 40,000 kW, 
Torr Achilty (Conon Valley) 7,500 kW, Errochty 
(Tummel-Garry) 25,000 kW, Quoich (Garry) 22,000 
kW, Finlarig (Lawers) 30,000 kW, Mullardoch Tunnel 
(Affric) 2,400 kW. Twenty-two postwar hydro-electric 
Stations are now in operation and 18 are under con- 
struction. Including 84,750 kW of the prewar Gram- 
pian scheme, 558,795 kW of plant is now in operation, 
310,900 kW is under construction, and 418,450 kW in 
course of promotion and survey. 

Six hydro-electric schemes with a total capacity of 
11,450 kW and an estimated annual output of 66°15 
million kW were approved by Parliament during 1955. 
The investigation of future hydro-electric develop- 
ments continued and the surveys for the schemes on 
the River Farrar in Glen Strathfarrar and the River 
Beauly in the Kilmorack Gorge, and on the River 


* HM. Stationery Office. Edinburgh Price 3s 6d. net 
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Awe, are well advanced. It is hoped to publish con- 
structional schemes for these projects in 1956. Investi- 
gations continued into schemes to use the water-power 
resources of the River Tay at Kenmore and Grand- 
tully, the Upper Findhorn and Monadhliath Moun- 
tains, and the River Nevis. A scheme to build a dam 
across the outlet of Loch Laidon to regulate the flood 
waters from the Moor of Rannoch is also being 
examined. The Board are carying out preliminary sur- 
veys of the River Snizort in Skye with a view to 
supplementing the electricity supply of the island 
which was affected by the drought. 

Operations went ahead rapidly on the hydro- 
electric schemes now under construction at Glascar- 
noch, Glen Moriston, Breadalbane and Shin, and 
equally well on the smaller schemes at Allt-na-Lairige. 
Kilmelfort, and the extensions to the Cowal and 
Lussa schemes. New contracts were placed and work 
started during the year on the Orrin scheme and on 
the Breaclaich and Cashlie sections of the Breadal- 
bane scheme. A second pipeline with a third 800 kW 
generating set to increase the output from the Storr 
Lochs power station and provide more electricity for 
the Isle of Skye was also being erected. 

Over 24 miles of tunnel were driven in rock for the 
Board in 1955. Construction started on three new 
dams and proceeded so well on the 20 already in hand 
that on three, namely Quoich, Lawers and Errochty, 
it was possible to bring the associated power stations 
into use. In November and December closure of the 
remaining gaps in the Loch Cluanie (Glen Moriston) 
and Loch Garry (Glen Garry) dams started and 
allowed impounding to start in these two lochs. The 
upper Loch Dubh dam of the Ullapool scheme was 
also completed earlier in the year. 

At Lednoch dam near Comrie, fly ash is now being 
used to save cement in the concrete for the dam, and 
16,000 cu. yards of this kind of concrete had been 
placed by the end of the year. Concrete placing for 
the prestressed concrete dam at Allt-na-Lairige has 
been completed and the tensioning of the high-tensile 
steel anchoring rods is now being done. 
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The Unconventional in Modern Dams 






Some of the innovations introduced into dam design 
during the last few decades are briefly described 


By G. S. SARKARIA, M.S.(C.E.) (Harvard), 
SENIOR DESIGN ENGINEER, BHAKRA DAM DESIGNS DIRECTORATE, 
New DELHI, INDIA. 


HE last 30 years have witnessed efforts on the 
bp of design engineers to evolve novel, yet eco- 

nomical, and radical, yet realistic, designs for dams 
and their appurtenant structures. Many new types and 
shapes of dams, unusual spillways, and new concepts 
of structural design have been introduced and adopted 
during this period. It seems that many other design 
concepts that appear unrealistic today, may become 
feasible in the near future. 


Prestressed Concrete Dams 

It is possible to prestress arch, gravity, and buttress 
type concrete dams. The basic concept of prestressing 
gravity dams is quite simple. It is aimed te induce 
extra compressive stress at the upstream face (and 
corresponding tensile stress at the downstream face). 
so that when the structure is loaded with reservoit 
water pressure the resultant vertical normal stress 
at the upstream face is compressive and exceeds 40 
per cent. of the water pressure at the elevation under 
consideration. In other words, in dams where the 
vertical normal stress at upstream face is a deciding 
criterion for stability of the dam, it should be possible 
to improve these stresses by prestressing, rather than 
by adding more concrete to the dam near its upstream 
face. 

Various methods of prestressing such dams have 
been proposed. In Fig. | is shown the section of a 
cantilever type gravity dam which, it has been deter- 
mined, is in danger of failure by shearing in case a 
severe horizontal earthquake shock occurred when the 
reservoir water level was at its maximum. The vertical 
stresses at the upstream face are also close to zero, 
and it is felt that cracking might occur at the upstream 
face under a severe loading condition. In order to 
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Fig. 1. Stressing an unsafe dam 
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strengthen this dam, it is proposed that a 6 in. dia- 
meter vertical hole be drilled through each unstable 
block near the upstream face all the way down to 
rock foundation. A high tension steel cab!e will then 
be lowered through the drill hole and appropriately 
anchored in foundation rock. The foundation anchor- 
age and the cable should be sufficiently strong to with- 
stand the tension that it is planned to induce in the 
cable. Tension P can be induced in the cable with 
stressing arrangements similar to those used in pre- 
stressing simple beams. This will induce equivalent 
compression in the dam which will tilt forward. After 
the desired amount of stressing, the drill hole may be 
filled with concrete, but it is not necessary to do so. 
The additional force P will not only improve the 
stress condition near upstream face of the dam, but 
will also add to the summation of vertical forces and 
thus improve the shear-friction factor of safety. 

As a theoretical example, assume that a cantilever 
gravity dam block has a shear-friction factor of 3-78 
at its base.The total horizontal force at this elevation 
is estimated to be 14,500,000 Ib. on a one-foot wide 
block. It is desired to estimate the tensile force that 
should be induced in the prestressing cable to raise the 
shear-friction factor to 4:0, which is the minimum 
acceptable. 

bo 

Shear-friction factor = be on ois + 22 

~ Horizontal forces 

In the expression for shear-friction factor, all factors 
except SW remain unchanged during _prestress- 

Pa 
Ore 'S Horizontal 
(4-00 — 3-78) = 0:22. Assuming a, the coefficient of in- 
ternal friction of concrete as 0-8, P, the prestressing 

Ie os . 6 
mo" — *_10" — 3,987,500 Ib. = 1,780 
tons. This is a huge force. It would need a steel cable 
nearly 12 in. in diameter for every one foot length 
(measured along axis) of dam. The forces assumed in 
this example are of the order that may be expected in 
a gravity dam over 650 ft. high. However. for lower 
dams subiected to less severe loading conditions, this 
method of prestressing may be feasible and economi- 
cal. This method has been successfully employed for 
stabilising an arch dam in Algeria and the Tansa Lake 
dam for Bombay water supply in India. 

The possibilities of employing this method of pre- 
stressing to buttresses of multiple-arch and other but- 
tressed dams in order to reduce their size, are also 
good. Since the buttresses are much slenderer than the 
blocks of massive dams, the prestressing required 
should be within reasonable limits. 


ing. Theref should be equal to 
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Prestressed Arch Dam 

The example of the 616 ft. high prestressed arch dam' 
proposed across Isar River in West Germany, is used 
here to give an indication of the lines along which 
some designers are thinking. A preliminary design pre- 
pared along conventional lines indicated that the dam 
would require 1,200,000 cu. yards of concrete and that 
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Fig. 2. Prestressed arch dam pro- 
posed by Dischinger and Komen- 
dant 


construction time would be approximately seven 
years. As an alternative, a prestressed arch dam, de- 
tails of which are shown in Fig. 2, was proposed by 
two eminent engineers, Dischinger and Komendant. 
At the site of the dam, bedrock lies nearly 246 ft. 
below river bed. The overburden consists mainly 
of fine gravel interbedded with thin layers of silt. The 
bedrock consists of sound gray 
dolomite having an_ ultimate 
strength of 15,000 to 20,000 Ib. 
i per sq. in. The proposed design 
comprises three cylindrical shells 
of decreasing height, arranged in 
tandem, like a leaf spring. Each 
shell sustains the same hydrostatic 
pressure, that is one-third of the 
total external pressure. The tallest 
(upstream) shell is supported for 
a height of 90 ft. above the con- 
4 tour line at El. 2650 by prestressed 
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Fig. 3. Design of prestressed abutment of the dam shown in Fig. 2 
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“HORIZONTAL THRUST DIAGRAM 
OF ARCH AT ABUTMENT 
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abutments which also serve to 
close the gap between ends of the 
arch and the flanking canyon walls 
from this elevation to top of dam. 
In other words, gravity type, pre- 
stressed buttresses are provided to 
shorten the span of the arch-shell. 
The design of the prestressed abut- 
ment is shown in Fig. 3. It is very 
similar to the type of prestressed 
gravity dam discussed under the 
preceding sub-head. 

By dividing the dam into three 
cylindrical shells separated from 
each other by thin layers (1-5 
1956 
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2:0 in.) of asphalt, a considerable reduction is achieved 
in the flexural stresses caused by the elastic strain of 
the arch, shrinkage of concrete and temperature 
changes. The use of several thin shells, poured one at a 
time, also eliminates the need of artificial cooling to 
nullify the adverse effects of heat of hydration of con- 
crete. 

The flexural tensile stresses at the boundary regions 
of the shells will be balanced by prestressing, where 
necessary. The allowable working stresses of concrete 
can, therefore, be used almost entirely for direct com- 
pression. As a result, both the thickness and number 
of shells are governed primarily by consideration of 
buckling rather than stress. Additional economy in 
design and greater stability of shells is ensured by 
combining an earth dam with the arch dam. 

To build the dam below the river-bed, it is planned 
to lower a caisson, shaped like the dam, rather than 
excavate a mammoth size pit. The lower portion of 
the caisson will be filled with concrete. The passive 
pressure of earth below the bed of the river also helps in 
reducing the flexural stresses in the lower portion of 
the shells. 

The shells will be prestressed vertically by wire 
ropes, placed in vertical ducts left for them in the con- 
crete. After the wire ropes are prestressed the ducts 
will be filled with grout. A saving of 47 per cent. in 
the total cost of construction and reduction of 50 per 
cent. in the construction time, as compared to the con- 
ventional constant angle arch dam, are claimed by the 
designers. 


Composite Dams 
The most common design of composite dam con- 
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sists of a concrete overflow section with earthen 
flanks. However, some modern designers are thinking 
in terms of different types of composite dams. 

One feasible proposal is the combination of a but- 
tress type and a solid gravity dam. In a high dam, the 
lower portion may have a gravity section and a but- 
tress dam, 150 to 300 ft. high, superimposed on its 
top to complete the dam. The heights of the two types 
are determined by the width of buttresses necessary 
for stability at the junction of the two sections. The 
problems of anchoring the buttress dam to the gravity 
dam, and of analysing the hybrid structure are im- 
mensely complicated. However, the economy possible 
in replacing a portion of the massive dam by a but- 
tress dam which requires much less concrete, makes it 
worthwhile to consider such a composite dam. 

Raising of Lages Dam? in Brazil from its original 
105 ft. maximum height to 197 ft., was accomplished 
in 1940-46 by superimposing a slab and buttress dam 
on the old gravity section of the curved dam. Twenty- 
six counterforts or buttresses were used to support the 
new curtain wall or vertical deck, as well as to im- 
prove the stability of the older dam. A section through 
the dam between the buttresses is shown in Fig. 4. Use 
of a buttress dam for increasing the height afforded a 
concrete saving of 35 per cent. as compared to an 
equally high extension of the gravity dam. O’Shaugh- 
nessy Dam in California was raised in 1935-38 in a 
similar manner. 

At sites which are too wide for economical arch 
dams, it is often possible to build an arch dam with 
artificial gravity abutments. The arch dam for such a 
site is very similar to a fillet-type variable-thickness 
arch dam. It is a matter of working out quantities in 
detail for a longer but thinner arch dam, and a some- 
what shorter but more massive gravity dam. 


Concrete Dams Built in Stages 

Depending upon the capital available, the power 
and irrigation requirements, and the time allowable 
for construction, in the case of high and iarge dams 
especially, it may be necessary to build a dam in 
stages. In concrete dams, both gravity and arch types, 
this kind of phasing is often economical. 

Ross Dam*, built by the City of Seattle, in north- 
western U.S.A., is an arch dam which will be finally 
completed in four stages. The crown section of the 
dam, demarcating the various stages of construction, is 
shown in Fig. 5. The shaded portion indicates the 
first three stages, when the maximum height of the 
dam will reach 575 ft. The first two stages, with maxi- 
mum height of dam at 475 ft., have been completed 
The fourth and final stage which will increase the 
maximum height of dam to 675 ft. will not only add 
another 100 ft. at the top, but will also thicken the 
section throughout its height. To ensure a proper bond 
between the fourth stage and earlier concrete, notches. 
in a honeycomb pattern, are provided along the en- 
tire downstream face of the dam. 

A very difficult situation is expected at completion 
of the third step, in that the location of overflow spill- 
ways is very close to the abutments. The spill- 
way crest is to be located at El. 1612-00 for this stage. 
However, at this elevation, the dam will be only about 
33 ft. thick at that time. This is not sufficient thickness 
to provide a proper spillway crest so that the water-fall 
may stick to the dam. Special downstream deflectors 
have been designed with the aid of hydraulic experi- 


145 


He 


_sTOP OF LOW DAM 
EL.1670.0 
SECOND STAGE, 


CONCRETE 
_a LONGITUDINAL JOINT 





~OLD DAM 





PROTEST whee ror nee Tr 
-5805— 
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ments, which will force the fall of water back against 
the crest. 

The Marshall Ford Dam‘ in Texas, a straight 
gravity dam, was also brought up to its present 278 ft. 
maximum height in two stages. Its present maximum 
non-overflow section is represented by Fig. 6. The 
original dam was 198 ft. high. It was transformed into 
the high dam by the addition of a new concrete sec- 
tion built along the upstream face. 
The longitudinal joint thus formed » 
between the two sections had to 
be extensively grouted to estab- 
lish monolithic action between the 


Some Unconventional 
Arch Dams 

Many new and daring ideas 
have recently either been proposed 
or adopted in the design of arch 
dams. The design of an uncon- 
ventional prestressed arch dam 
has been described earlier. The 
author has some preliminary ideas 
about a type of arch dam which 
will fundamentally conform to the 
definition that a dam is composed 
of a watertight membrane sup- 
ported by an adequate structure. 

This dam will be composed of 
two components, an arch mem- 
brane or deck and a supporting 
grid structure. Two diagrams of 
such a dam are given in Fig. 7. 
The grid structure is formed of 
vertical cantilever buttresses and 
horizontal arch elements. The grid 
structure is in contact with the 
arch deck and may be built as an 
integral part of it. While designing 
such a dam, the deck arch is con- 
sidered to take a certain propor- 
tion of all the external pressure. 
The remaining load is then as- 
signed to the grid structure which 
will convey a certain amount of 
the load horizontally to the abut- 
ments. It should be possible to 
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design such a dam with the aid of the trial load method 
of analysis. 

A design to eliminate gravity action in an arch dam 
was adopted for Matilija Dam’ in California. A hori- 
zontal shear plane divides the lower portion, which is 
designed as a gravity section, from the upper portion 
of this arch dam, which is 190 ft. high. The joint is 
located 35 ft. above the lowest elevation of dam. The 
dam is located in a U-shaped canyon. In a thin arch 
dam located at such a site, deflections near the base 
can be quite large, and could cause a horizontal crack 
to develop. The shear plane allows such movements 
and is considered to permit relief of undesirable stress 
conditions at the base. The concrete surface of the 
gravity section at the joint was ground smooth, a layer 
of graphite paste spread over it to a thickness of ;) in. 
and sheets of graphite-impregnated asbestos fibre. 
4 in. thick, spread on top to form the joint surface 
Water and grout stops of copper were provided to 
protect the shear plane, so as to keep the joint dry and 
open. 

One weak abutment for Santa Luzia Dam* in 
Portugal resulted in the adoption of an unusual abut- 
ment for this dam. The artificial abutment is a com- 
bination of a gravity buttress and an auxiliary arch. 
The plan of the dam is shown in Fig 8. The 213 ft. 
high arch dam has a crown section that is about 10 ft. 
thick at the top and 40 ft. thick at the base. 
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Fig. 7. Proposed design of arch dam consisting of a watertight membrane 
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Fig. 8. Plan of Santa Luzia dam, showing unusual abutment design 
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Fig. 9. Ski-jump spillway of St. Etienne-Cantales dam 


Unconventional Spillways 

French designers have created some very interesting 
spillways for dams. Firstly, mention may be made of 
the location of the powerhouse at the toe of the dam. 
so that the overflow spillway chute is located over it. 
Fig. 9 is a section of the 230 ft. high St. Etienne-Can- 
tales Dam’ to illustrate a case in point. This arrange- 
ment gives an appearance of compactness and neatness 
to the structure. Similar arrangements have been pro- 
vided for Genissiat and L’Aigle Dams. 

The 9°8 ft. thick slab of reinforced concrete form- 
ing the spillway bucket over the powerhouse at St. 
Etienne-Cantales also provides protection to the latter 
against air attacks. The spillway channel has an up- 
turned lip at the end that throws the stream out over 
the pool below the dam to a point where any erosion 
that might occur would be of no consequence. 

One of the three Beni-Bahdel* multiple arch type 
dams in Algeria has one of the 
most interesting spillways in the 
world. The spillway portion of 
this dam is a hollow gravity over- 
flow section with the spillway crest 
protruding into the reservoir in A 
the shape of “ duckbills.” EL. 2144.00_--- 

A section through the spillway < 
portion is given in Fig. 10. The 
edges of 20 “ duckbills ” function 
as the crest of a weir. The duck- 
bills are nearly 100 ft. long and 
are made of reinforced concrete. 
This arrangement was adopted in 
order to obtain a long length of 
a weir over which a considerable 
amount of water could be spilled 
while maintaining the crest at as 
high an elevation as possible. The 
peripheral lengths of all the pro- 
jecting duckbills have to be added 
to obtain length of the spillway , 
crest. The turbulence in the duck- 
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bill entrance channels also con- 
tributes to the destruction of sur- | 
plus energy of spilling water. 
Similar principles of lengthening |. 
the spillway crest have been em- | 
ployed for the glory-hole type l 
spillway of Sarno River Dam’, : 
also in Algeria. The equivalent of 
duckbills attached to the barrel of 
the spillway form an outline re- 
sembling a common daisy, the 
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French name for which is “ Marguerite.” This type 
of spillway, therefore, is called Marguerite Spillway. 
The Sarno Dam is a 95 ft. high earth dam and the 
spillway has a throat diameter of 19-6 ft. The petals 
of the spillway have a total crest length of about 
740 ft. and will discharge 1,640 cusecs. at a depth of 
3-7 ft. over the sill. 

Two further examples of methods of energy dis- 
sipation in spillways also deserve special mention. A 
system of “splitters” or bracket projections located 
some distance below the crest are employed as energy 
dissipators for Loskop and Vaalbank dams'° in South 
Africa. 

A section of Loskop Dam is shown in Fig. 11. The 
splitters are arranged as staggered blocks, the centre 
to centre spacing being about 8 ft. The splitting action 
of these blocks is clear from details shown in Fig. 12. 
The main sheet of water is thus split into two jets 
which collide in mid-air and fall back on to a wide 
area of the apron. The maximum expected flood at 
Loskop Dam is 100,000 cusecs. The additional thick- 
ness added below the top row of splitters, the top of 
which forms the lower row of splitters, is not neces- 
sary. It was added to allow for future raising of the 
dam. 

Ghrib Dam" on the Cheliff River, Algeria, is a 
rockfill dam which was built in 1926. Its side-channel 
chute spillway has a very original arrangement for dis- 
sipation of surplus energy. In Fig. 13 the layout of the 
dam and its spillway is shown. Four baffle walls or 
weirs, three of them curved, and four elliptical and 
circular stilling basins form the energy dissipators. 
The elevations, in metres, of various features are in- 
dicated in the plan. The spillway and its energy dis- 
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Fig. 12. Splitters on Loskop dam 
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Fig. 13. Side-channel spillway of Ghrib dam 


sipation arrangements present a very artistic sight and 
represent the results of well-devised hydraulic labora- 
tory techniques. 


Location of Powerhouse 

The location of the powerhouse associated with a 
dam is another item regarding which many unusual 
features have been developed recently. Location of the 
powerhouse at the base of the dam, so that the spill- 
way passes over it, a French development, has already 
been mentioned. Location of the powerhouse under- 
ground, in one of the dam abutments, is also becom- 
ing popular. This was proposed for the right power- 
plant at Bhakra dam, India, although the proposal 
had to be shelved owing to the lack of the rock cover 
necessary for large-scale sub-surface excavation of this 
kind. Underground powerhouses located some dis- 
tance from dams are much more common. 

In massive arch and gravity dams it is also pos- 
sible to locate the powerhouse in the body of the 
dam itself. Such an arrangement was proposed at one 
time for the 783 ft. high Kosi dam'*. A view of this 
proposal is shown in Fig. 14. The entire powerplant. 
estimated to consist of eight 200,000 kVA generating 
units, was to be located in the 100 ft. x 152-5 ft. 
gallery in the dam. It was proposed to design the re- 
inforcement around this gallery in such a manner that 
the adverse stresses created by this cavity in the con- 
crete mass should be properly taken care of. Another 
similar proposal has been made for Bridge Canyon 
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Dam in Arizona, U.S.A. This dam 
is expected to be over 600 ft. high 


Unusual Buttress Dams 

Although some of the oldest 
- dams in the world are of the but- 
tress type, such dams are gener- 
ally considered to be rather un- 
usual. The ancestor of modern 
multiple-arch dams, for example. 
the Mir Allam Dam, was built in 
Hyderabad, India, in 1800. The 
Roosevelt dam, a multiple-cupola 
(dome) dam, which by all stan- 
dards is one of the more compli- 
cated of the buttress type dams, 
was built as far back as 1929. 

Recently, hollow gravity dams. 
a modification of the round-head 
type of buttressed dams, have be- 
come popular in Europe. A recent 
example is the Pidima Dam (Fig 
15) in Greece’*. The maximum 
height of the dam is about 180 ft. 
Cost comparison between a solid 
——~CHELIFF R. gravity dam, an arch dam, and a 

Se hollow gravity dam showed the 

latter to be the cheapest. The cost 
of increased amount of formwork 
was more than offset by the reduc- 
tion in quantity of concrete. 
The writer has also proposed a 
delta type multiple-arch dam. 
Essential features of this type of 
dam are given in Fig. 16. Each 
arch barrel is supported by a Y- 
shaped buttress, the inclination of 
arms of the Y being in line of 
thrust of the adjoining arches. The shape of the but- 
tresses contributes to their stability against buckling, 
so that comparatively thinner buttresses can be built 
to greater heights. 

Considerable economies in concrete are possible by 
prestressing the counterforts in buttressed dams. The 
method of prestressing would be similar to that dis- 
cussed for gravity dams. It is also possible to build 
the buttresses out of stone masonry, while the deck is 
of concrete or reinforced concrete. This arrangement 
has been adopted for many multiple-arch dams built 
for the Italian railways. 


pEL. 1023.0 






POWERHOUSE 
GALLERY 


NONOVERFLOW SECTION 


Fig. 14. Location of power house in Kosi dam 
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Some Novel Construction 


Features 
Many novel and original con- 
struction methods have been 


adopted or proposed during recent 
years. A very daring proposal was 
made, as far back as 1924, to build 

a 1.000 ft. high rockfill dam on the 
Colorado River by blasting the 
canyon sides into the river. If 
executed, this would probably 
have resulted in the abandonment 

of Hoover Dam, at present the 4 
world’s highest. 

A recent example of a novel 
method of closure of final gap in 
a cofferdam for diverting the river 
is furnished by operations at 
McNary Dam'* on Columbia 
River in north-western U.S.A. In 
the final 240 ft. wide gap. at the time of closure, the 
flow varied between 100,000 and 152,000 cusecs and 
the channel was more than 60 ft. deep. The velocity 
of the current was estimated to be 35 miles per hour. 
Closure was accomplished by dumping 12-ton precast 
tetrahedral (equilateral pyramid) concrete blocks into 
the river channel. To complete the closure, 2,087 such 
tetrahedral blocks and 27,000 tons of large rock of 
| ton minimum weight were used. 

An unusual method of foundation treatment was 
adopted for Semino Dam, a concrete arch structure. 
where a large fault zone in the bed of the river had 
to be treated. After the dam had reached a height 
of 150 ft., the fault zone was cleared of deteriorated 
material by mining operations under the dam and 
finally plugged with concrete. 


Concluding Remarks 

Examples of various dams, spillways and methods 
of construction described in this article should be 
enough to convince engineers that neither the design 
nor methods of construction of dams and allied struc- 
tures have reached a stage of stereotyped finality. 
Each job has its own peculiarities and problems, and 
for the engineer with imagination there is enough 
scope for practising his ingenuity. More than one good 
solution seems to be possible when so many features 
are involved in design and execution. The next few 
decades will no doubt see the materialisation of many 
new concepts and techniques that may appear im- 
practical or unusual today. 
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Quebec Hydro-Electric 


Commission 


An admirable survey of the work of the Quebe: 
Hydro-Electric Commission during the first ten years 
of its existence—that is from 1944 to 1954—is to be 
found in a handsome brochure entitled “ A Decade 
of Progress.” The development over this period has 
been phenomenal. Installed generating capacity for the 
Montreal Metropolitan area alone has been increased 
by 82 per cent. to 1,250 MW; in north-western Quebec 
generating facilities have been doubled, in eastern 
Quebec the giant Bersimis scheme is well advanced, 
and a high-voltage network now inter-connects practi- 
cally all the power plants of the Province. 

For the supply to Montreal the first section of the 
Beauharnois plant was completed in 1948 and the 
second section was constructed in 1948-51, with in- 
stallation of the first unit in 1950 and the twelfth in 
1953. In the north-western Quebec system the Rapid 
VII plant was brought to its ultimate capacity in 1948 
by the addition of a fourth 12 MW unit, and a new 
plant, Rapid II, was built in 1951 to have ultimately 
three 12 MW sets. 

Naturally, the chef d’oeuvre of the Commission's 
work is the Bersimis 900 MW development, which 
will contain eight 112-5 MW sets, due for commission- 
ing over the period 1956-59. Transmission lines at 300 
kV will transport power 400 miles to Montreal and 
200 miles to Quebec, and the Gaspé Peninsula will be 
served by four 69 kV submarine cables each 314 miles 


long. 
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Fig. 12. Vinstra machine hall looking towards the control room 


Vinstra 


In our previous article we described the Vinstra catchment 
area and the method of impounding it, the driving of the 
23-7 km. supply tunnel, and the many special features of the 


underground power station. 


It now remains to consider 


the mechanical and electrical equipment 


PART TWO 


HE turbines, which were built by A/S Kvaerner- 

Brug, Oslo, are each rated at 68,000 h.p. at a head 

of 420 m. and a speed of 500 r.p.m., with a maxi- 
mum output of 70,000 h.p. They are the highest-head 
Francis turbines in operation in Norway, and, we be- 
lieve, are the third highest-head machines of this type 
in Europe. They are also the largest Francis turbines 
so far built in Norway. In respect both of head and of 
capacity these machines slightly surpass those sup- 
plied by the same makers to the Ruud station of the 
Hol I development, which were rated at 65,000 h.p. 
at 390 m., but in design and physical size they are 
almost identical, and the description of the Hol tur- 


150 





bines contained in our November, 1955, issue applies 
almost equally to the turbines at Vinstra, although the 
experience gained at Hol naturally paved the way for 
detail refinements in the Vinstra machines. The 
mounting of the turbine casing on concrete piers (sec 
Fig. 13) affords a valuable facility in that the turbine 
runner can be dropped, withdrawn sideways into the 
station basement, and handled by the station crane. 
Leakage water from the turbine glands is used for 
cooling purposes. Seeing that this water has passed 
through the fine clearances of the turbine glands it is 
regarded as a clean, filtered supply ideally suited for 
passage through coolers, and it is accordingly col- 
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lected in a sump from which it is circulated by dupli- 
cate electrically driven pumps. Belt-driven mechanical 
governors are also in use (see Fig. 14) but Vinstra 
Kraftselskap are considering the replacement of the 
mechanical flyballs by electrical governor heads to 
facilitate the remote control of the sets from the con- 
trol room or from a remote control point. The 
generators have been supplied with permanent-magnet 
alternators to meet this eventuality. 

The considerations that led to the choice of Francis 
as against Pelton turbines were also similar to those 
obtaining at Hol, and are fuily set out in our previous 
article. In this connection the efficiency curves repro- 
duced in Fig. 15 and obtained from tests carried out 
in 1953 on the first two turbines to be installed will be 
of interest. 

Ahead of each turbine is a Kvaerner-Brug hydrauli- 
cally operated gate valve, complete with an automati- 
cally operated bypass valve. Each turbine is also 
equipped with a pressure-relief valve and jet disperser, 
which comes into operation when the turbine is shut 
off. 

Units III and IV were placed in commission early 
in 1953, and unit No. II was brought into service in 
January, 1955. No. I set will be used for peak-load 
and standby purposes and will be installed in 1958. 


Generators 

The generators for units III] and IV were supplied 
by A/S Norsk Elektrisk & Brown Boveri and that for 
Unit Il by Brown Boveri, Milan. Each machine is 
rated at S0 MVA at 0-9 power factor and 10 kV, and 


Fig. 13. One of the Kvaerner-Brug 68,000 h.p. turbines with its gate valve 



























can be overloaded to 55 MVA. The capacitative no- 
load output is 30 MVA at 8 kV, and the flywheel 

effect 490 ton-m.* The thrust bearing is dimensioned 

for a total load of 160 tons, of which 60 tons repre- 

sents the weight of the turbine runner. It is located 

above the rotor and is combined with an upper guide 

bearing, a lower guide bearing also being provided. All 

bearings are water cooled and are self-lubricating; the 

latter feature not only obviates the need for an oil 

pump but has enabled the height of the machine to be 

reduced because it has been practicable to accommo- ‘ 
date the upper guide bearing within the stator. 

An oil-operated brake is provided. 

Generator cooling is on the closed-circuit system. 
four coolers being supplied for each generator. As 
already mentioned, all cooling water is derived from 
the turbine glands, so that it is in a filtered condition. 

A main exciter is directly coupled to the top of the 
generator, and the assembly is surmounted by a per- 
manent-magnet machine which acts as the auxiliary 
exciter and will also provide the drive for the electric 
governor head when installed. 

Each machine is controlled by a Brown-Boveri high- 
speed voltage regulator which can traverse the whole 
regulating range in 0-2 to 0:3 sec. This acts on a shunt 
regulator in the main-exciter field, this regulator being 
bridge connected to enable the exciter characteristic to 
be adjusted to give the best speed of response. To 
obtain satisfactory parallel operation, the voltage regu- 
lators have a static characteristic with compensation. 
Remote pushbutton control of the voltage regulators 
is afforded from the control room. 


- 
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Each generator is equipped with an overspeed relay 
and with automatic fire extinguishing, and is provided 
with differential (Merz-Price type) protection and with 
protection against rotor earth, stator earth, no-voltage. 
overvoltage, overload (overcurrent combined with 
thermal relay), short circuit, and field suppression. 


Auxiliary Supplies 

To supply the station auxiliaries a house set has 
been installed comprising a Kvaerner-Brug 900 h.p. 
750 r.p.m. horizontal Pelton turbine coupled to an 
850 kVA 230 V NEBB alternator. As a standby a 
supply is brought in from a local 10 kV network 
through a 500 kVA transformer. Direct current at 
220 V is supplied by a 25 kW motor-generator and a 
300 Ah battery charged by a 6 A metal rectifier. 

It may be convenient at this point to refer to the 
electrical circuit diagram, Fig. 16, and to explain a 
point of policy that was followed in planning the 
electrical system. This is the way in which the main 
power circuit has been kept clear of auxiliary and 
local supplies. Connections are provided, but the 
arrangement is such that Vinstra station can fulfil its 
primary task of supplying power to Oslo unaffected 
by local disturbances. 


Transformers and Cables 

Returning, now, to the main circuit, interposed be- 
tween each generator and the transformer bank is an 
800 MVA NEBB air-blast circuit breaker, each 
breaker being located in the passageway between its 
generator and the transformer hall (see Figs. 10 and 
11). This hall, part of which is seen in Fig. 17, con- 
tains seven single-phase units, six of which are con- 
nected to form two 100 MW 10/230 kV delta/star 
three-phase banks. The seventh unit, which is dis- 
posed centrally, is a spare, and the 10 kV isolator 
system, which is suspended from the roof of the trans- 
former hall, is so arranged that the spare unit can re- 
place any unit in either bank. 

The transformer units were supplied by A/S Per 
Kure. Cooling is by external water coolers, of which 
a total of four is provided. Each transformer unit has 
a 10 kV double concentric winding concentrically 
arranged with respect to the 230 kV winding. All 
windings conform to the Swedish SEN 30-1944 Stan- 
dards, corresponding to a surge-voltage rating for the 
230 kV winding of 1,025 kV. Each unit, including the 





Fig. 14. Belt-driven governor unit, showing part of the 
regulator ring on the left 


spare, is connected solidly to a separate 230 kV cable 
leading to the outdoor switching station. 

Buckholtz-type gas relays are fitted, and differential 
protection is afforded to the transformers with their 
associated cables; thus separate differential protection 
is available for both the generators and the trans- 
formers with their cables. 

As the 220 kV system is unearthed the neutral point 
of each transformer bank is protected by a 30 MVA 
A.E.G. Petersen coil, these coils being placed along 
side their respective banks in the transformer hall. 
as seen in Fig 17. Lightning arresters protect both 
the neutral point and the generators. An electrical 
earth of sufficiently low resistance has been obtained 
by using electrodes placed underneath the turbine 
foundations and connected to the turbine pipelines 
In addition, a 95 sq. m. copper earthing conductor 
extends between the power station and the outdoor! 
switching station. 

Protection against fire in the transformer hall is 
afforded by a Mulsifyre equipment supplied by 
Mather & Platt Limited, Manchester, England. 
































95 ' a - 
= + 
- + + 
90} ++ 
S Ashok 
> j 
Vv fp—_4—_} + 
z | | 
= i —4—__4_4 ft 4 4} —_}__}_— 
x | | | 
, r ba uw }—_+ +—+——_+ +4 4 _} + + Es. 
Fig. 15. Test efficiency curves for “™ “ | | 
. A = 85+ 4—_} 4 fp fp pf 
the first two Kvaerner-Brug tur- | | | | 
. . . . ee! | a —— = 4 Spocaned 4 ) aS 4 - 
bines to be installed in Vinstra rT o TURBINE M [—}—] 
power Station rT . a i ok at a a es es ° We et 
= 4 1 | } afte } —t—+ 
++ aa a2 2 ee + —+--+ | $— thd 
80 | 7 Seas ! | J 
30 40 50 60 70 
1,000 HORSEPOWER 
152 WATER POWER April 1956 














220kV MAIN BUSBAR 


ore meee 





















a 























The 230 kV cables between the transformer units 
and the outdoor switching station are of the oil-filled 
type, and were supplied by Standard Telefon og Kabel- 
fabrik, Norwegian licensees of the Italian firm of 
Pirelli. The cable potheads in the power station are 
built integral with the transformers, and the cables 
emerge into further potheads in the outdoor switch- 
ing station. Two oil-pressure tanks are provided in the 
power station and one in the outdoor switching station 
for each cable. Each cable has its own oil reservoir. 
but interconnections can be made. 

Each cable, which, of course, is single core, has a 
copper section of 250 sq. mm. surrounded by 24 mm 
of insulation. Around the insulation is a layer of 
metallised paper, which in turn is covered by a lead 
coating 3-8 mm. thick. A few layers of impregnated 
paper are wound round the lead sheathing and are 
covered by a reinforcing layer of copper tape, the 
whole being protected by a corrosion-resisting coating 
The outside diameter of the cable is about 100 mm. 

As explained earlier in this article, the cables are 
laid in a separate cable tunnel. They are mounted on 
racks, together with the necessary joint boxes, and a 
track has been laid in the tunnel to facilitate mounting 
and handling. 

As with the transformers, the cables were designed 
to withstand an impulse voltage of 1,025 kV, but tests 
in the makers’ works showed that they were able to 
withstand 1,500-1,600 kV before failure occurred. 





Outdoor Switching Station 
As will be seen from the circuit diagram, Fig 16, the 
outdoor switching station has been arranged initially 
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Fig. 16. Electric circuit diagram for Vinstra power station 


on the single busbar system, but is laid out for the 
addition of an auxiliary busbar when desired. The 
circuit breakers for the transformers and the outgoing 
line to Oslo were built by Brown Boveri, Switzerland, 
and are of the air-blast high-speed type, rated at 
3,000 MVA. They are equipped with automatic re- 
closing machanism. The isolators were supplied by 
the Norwegian firm of A/S National Industri to West- 
inghouse design. Lightning arresters were supplied by 
ASEA and Sprecher & Schuh. Great stress has been 
laid upon efficient earthing of all structures, which 
are connected to the 95 sq. mm. earthing conductor 
mentioned above. Furthermore, all towers are fitted 
with earthing wires for lightning protection. The earth 
resistance for the switching station is about 0-3 ohm. 
Coupling condensers are provided for voltage 
measurement and for high-frequency communication 
For power supply to the district a 20 MVA A/S 
National Industri transformer has been installed in 
the outdoor switching station, and supplies two 
systems at 60 kV and 20 kV respectively. A 1,000 kVA 
transformer affords a connection between the 20 kV 
system and the 10 kV supply mentioned earlier. 


Control Room 

In the control room, a view of which appears in 
Fig. 18, the main board is arranged in horseshoe form, 
and carries a diagram, instruments and controls for 
the 230 kV system in the centre, for the station sup- 
plies on the right, and for the 60 kV and 20 kV sup- 
plies and for the hydraulic system on the left. In the 
angle between the centre and the right limb of the 
board is a synchronising panel embracing both manual 
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Fig. 18. The control room at Vinstra power station 
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and automatic operation. Behind the main board 
separate boards are provided for the reception of the 
protective relays. 

In front of the main board is a control desk from 
which all operations connected with the control of 
the turbines and generators are carried out. To this 
end each panel is equipped with two sets of indicators 
and controls, one to check starting conditions and the 
other for control of the starting operations for the unit 
concerned. The first set indicates whether the bearing 
cooling water is flowing, the turbine guide vanes 
closed, the governor-oil pressure correct, the no-volt 
and earth-protection switches closed, the automatic 
synchroniser connected, and the fire-extinguishing 
plant in readiness. The second set consists of a series 
of pushbuttons and signal lamps which light up when 
the respective operations have been correctly com- 
pleted. It would have been possible, of course, to 
start each set by a single pushbutton, but it was pre- 
ferred to employ a series of five buttons so that super- 
vision could be exercised over each stage of the start- 
ing sequence. The movements initiated by these five 
buttons are as follows: 

1. The generator brakes are released. 

2. The blocking relay, which blocks all impulses 

from the relays, is reset. 

3. The field switches are closed. 

The pilot valve for the bypass valve is opened 

by a d.c. motor, whereupon the bypass valve is 

opened hydraulically, followed by the main 
valve. 
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Fig. 19. The 220 kV transmission line to Oslo near Vinstra station 





5. The load limiter is opened by about 10 per cent., 
upon which the unit runs up to speed and is 
automatically synchronised. The load limiter is 
then set to give the admission desired. 

Shut-down is also effected by pushbutton, the dif- 
ferent operations of closing the turbine gates, opening 
the circuit breaker, demagnetising the generator, 
closing the bypass and main valves, and applying the 
brakes, following automatically. An emergency stop 
button is also provided which disconnects everything 
in the minimum of time, but naturally this is not used 
normally as its operation throws a heavy stress on 
turbines and generators. 

Other operations can also be carried out from the 
desk, such as brake application, manual discharge of 
the CO, fire extinguisher, connection and disconnec- 
tion of the automatic voltage regulator, remote opera- 
tion of the field resistance, and manual setting of the 
load limiter. 

The control-room equipment was supplied by A/S 
Norsk Elektrisk & Brown Boveri. 


Transmission Line to Oslo 

The transmission line from Vinstra to Oslo forms 
the north-to-south trunk line in the 220 kV network 
that is being built up in southern and central Norway. 
From Vinstra the line runs across the mountain to 
Faberg, where a transformer station has been built to 
serve Hamar, Vang dnd Furnes. Thence it runs along 
the west side of lake Mj@sa to a substation at Ulven, 
near Oslo, whence the supply is delivered to the city. 
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The total length of line is 206 km. The route was 
planned so that in the construction of the line existing 
roads could be utilised to the utmost extent, and in 
fact it was not necessary to build a single construction 
road, all transportation off the public roads having 
been carried out by tractors and aerial ropeways. 
“ Walkie-talkie ” equipment was tried but was not 
found successful in this mountainous country. 

In places where the line crossed railways or tele- 
phone, telegraph or power lines, protection was 
afforded during construction by scaffolding built up 
from ladders and racks formed from steel tubing, thus 
enabling the conductors to be pulled across without 
interference. 

A view of the power line near Vinstra is given in 
Fig. 19. It is of the single-circuit type, having three 
conductors in line and spaced 8 m. between phases. 
Steel-cored aluminium conductors are employed, 
having an aluminium section of 523-7 sq. mm. and 
a steel section of 67:9 sq. mm., equivalent to a copper 
section of 324 sq. m. The cable diameter is 31-8 mm. 
and the breaking load 16 tons. 

The towers are of the reinforced-concrete gate- 
frame type, and in the case of the supporting towers 
the brackets are made from galvanised steel angles 
and have movable links to prevent the imposition of 
torsional loads in the event of uneven loading or un- 
balance due to a broken outer conductor. Crossing 
towers have béen avoided, and anchor towers have 
been used only at major changes of horizontal or ver- 
tical direction. These towers have integrally cast con- 
crete brackets. 

For purposes of loading the line has been divided 
into three sections. These sections have been designed 
to carry ice loadings of 2°5, 3-5 and 8 kg. per m. respec- 
tively, and wind loadings of 125 kg. per sq. m. for 
sections I and II and 175 kg. per sq. m. for section III. 
In addition, the anchor towers have been designed to 
withstand an unbalanced pull of 3,500 kg. on one 
outer phase at spans up to 350 m., and of 4,500 kg. on 
spans above 350 m. The average span is 250 m., but 
in the mountains, where the ice loads are heavy, the 
spans were mostly limited to about 150 m. 

Insulators were supplied by the Ohio Brass Com- 








pany. The strings consist of 16 insulators, double 
strings being used in all places where loads are heavy 
On anchor towers a larger insulator is employed in 
addition to double stringing. 

As it was found that the lines were apt to oscillate, 
dampers were applied to a large extent, to the design 
developed by the Swedish State Power Board. consist- 
ing of three iron discs separated by rubber cushions. 

Good earth connection for the towers has been 
obtained by the use of 25 sq. mm. copper wire buried 
to a depth of 40-50 cm., the total length of wire per 
tower averaging 125 m. Between Oslo and Faberg, a 
distance of 146 km., the average earth resistance is 
about 25 ohms. At a few places where a good earth 
connection was difficult to obtain, conditions were 
greatly improved by the use of a “ jelly ” made from a 
powder diluted in water and poured along the wire. 
Two different mixtures were used, one poured on top 
of the other. 

The towers were constructed and the line erected by 
A/S Betonmast. 

Protection is afforded by distance relays supplied by 
Jacobsens Elektriske Verksted. These relays are 
located at both ends of the line and operate selectively 
on both short circuits and earth faults. They are also 
equipped with anti-hunting and automatic reclosing 
devices, and with high-frequency transmission of relay 
impulses from one end of the line to the other to secure 
instantaneous disconnection where necessary. 
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Turbine Manufacture in Belgium 


Hydro-electric developments in the Belgian Congo 
have given an impetus to heavy-plant manufacture 
in metropolitan Belgium, and the four 69 MVA 10:5 
kV alternators supplied by ACEC (Ateliers de Con- 
structions Electriques de Charleroi) to the Marinel 
station in the Upper Katanga (described in our May 
1955 issue) are the largest so far constructed in 
Belgium. Hitherto the turbines have been supplied by 
manufacturers in other countries, but ACEC have now 
built an extension to their heavy-plant shops equiva- 
lent to an addition of 20 per cent. of floor space in 
order to undertake the manufacture of water turbines. 
Amongst the special machines installed in this exten- 
sion is the largest vertical boring mill in Belgium. It 
weighs 730 tons, rests on a concrete foundation of 580 
cu. m. and 6 m. deep, and requires 380 h.p. to drive 
it. It can accept work up to 18 m. in diameter and 
5 m. high. Sixty railway wagons were required to 
transport the parts of this machine to the site. 
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High-Tension Power Lines. AB. Svenska Metallver- 
ken, Viasteras, Sweden, have published an unusual and 
particularly useful booklet entitled “Electrical Data 
for High-Tension Power Lines.” It has been written 
by two experts of the Swedish State Power Board, and 
is a purely technical publication designed to assist 
buyers with the necessary calculations to enable them 
to select conductors for overhead power lines and to 
arrange them correctly. A second pamphlet empha- 
sises the world coverage of Feral steel-cored alumi- 
nium cable. Both pamphlets are in English. 


An Experimental and Analytical Investigation of a 
Differential Surge-Tank Installation. Mr. W. L. 
Gibson has drawn our attention to one or two typo- 
graphical errors in our presentation in our February 
1956 issue of Part I of this paper by himself and Mr. 
Shelson, as follows: Figs. 11-15 and page 67, line 4. 
first column, “Ib. per sq. in.” should read “Ib. per sq. 
in. per in.”; Table II, column 2, item 13 should read 
“4-8 and 6:3.” 
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Large Alternators for Australia 


The waterwheel alternator shown in the accom- 
panying photograph in the Rugby works of The Bri- 
tish Thomson-Houston Co. Ltd. is one of two 11 kV 
66,670-kVA, 150 r.p.m. machines being supplied to 
the State Electricity Commission of Victoria, Austra- 
lia, for Eildon power station. The alternators will be 
driven by Francis turbines supplied by Boving & Co. 
Ltd., who are the main contractors. The machine has 


just completed official tests in the Rugby works, the 
results of which were highly satisfactory, a full-load 
efficiency exceeding 98-2 per cent. being determined. 
The tests also included an overspeed run at 295 r.p.m. 
(97 per cent. above normal speed). 

The stator is 33 ft. 3 in. in diameter and weighs 141 
tons. The rotor diameter is 25 ft. 84 in., and the rotor 
weighs 280 tons, the total load on the thrust bearing 


One of the Eildon 11 kV 66,670 kVA 150 r.p.m. alternators on test 
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being 550 tons. There are two guide bearings on each 
machine, one above and one below the rotor spider. 
The thrust bearing is located in the upper bearing 
housing, which is supported by twelve bracket arms. 
A main and standby motor-driven lubricating-oil 
pump are provided for each machine, but due to the 
fact that automatic-tilting self-oiling Michel pad bear- 
ings are used, forced lubrication is not essential for 
either starting or stopping the generators. 

A closed-circuit ventilation system is provided, the 





air being cooled by twelve air-water heat exchangers 
mounted equidistantly round the stator-frame peri- 
phery. The cooled air is returned through ducts to the 
underside of the machine and re-enters the top of the 
machine through openings between the arms of the 
top bearing bracket. A 12-sided sheet-metal casing. 
39 ft. across the flats and 10 ft. 2 in. high, encloses the 
stator and air coolers of each generator, the base of 
the casing being at station floor level. This is not in 
position in the photograph. 


Atlas-Copco Drilling Developments 


We recently paid a visit to a Derbyshire lead mine 
to see a demonstration of drilling equipment recently 
introduced by the Atlas Copco Organisation. Of the 
various drills shown, perhaps the most important from 
the standpoint of our readers is the BBD 41 WK (Fig. 
|), which has been designed for benching or drifting 
where speed is of paramount importance. Depending 
upon the nature of the rock it is 15 to 40 per cent. 
faster than its predecessor, the RH 754, in spite of 
which the air consumption is less, due to better valve 
design. At 85 Ib. per sq. in. the air consumption is 113 


ns a bY 
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Fig. 1. The Atlas Copco BBD 41 WK drill in operation 


cu. ft. per min. as against 127 cu. ft. per min. for the 
earlier drill. It delivers 3,000 blows per minute, and 
weighs 50 lb. 

Several new features are to be found in the design 
of the BBD 41 WK. The piston, like the rifle bar and 
the chuck-nut, has a new type of spline with rounded 
grooves, providing a tighter seating of the splines 
and grooves and thus increasing the life of the rifle 
bar and chuck-nut. It has four ratchets giving 
smoother and more powerful rotation than in the 
previous drill. This is particularly important when 
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Fig. 2. The BBD 45 WR roofbolter 


drilling deep holes. Drill-steel consumption has been 
reduced as there is little risk of binding with conse- 
quent crushing of the bit, and there is less tendency 
for the speed to fall off as the hole becomes deeper. 
Lubrication of the chuck is by an airborne oil mist. 
The chuck is fitted with a renewable bushing, and 
the drill-steel holder is of a simplified type with rubber 
buffers instead of springs. The standard drill is equip- 
ped with a single tube, but can be fitted with a double 
tube for air blowing and water flushing. Control for 
the supply of air or water is arranged on the back 
head. The air/water control key, which operates two 
plunger-type valves, has three positions: water flush- 
ing, closed and air blowing. With this device the 
supply can be easily cut off or changed without other 
actions of the drill being affected. The plunger-type 
valve is stated to afford better sealing and longer life. 
The handle grip is cushioned against recoil and is 
octagonal to provide a better grip for an operative 
wearing gloves. 

Under normal conditions a drilling speed of 25 in. 
per min. may be expected in hard granite using an 
air leg. When hand-held for benching, drilling speed 
is about 16 in. per min. Test figures show that in meta- 
morphic rock the BBD 41 drilled 45 ft. in 29 min. 20 
sec., compared to 30 ft. in 29 min. 25 sec. for the RH 
754. One British contractor, using the machine ag a 
sinker, reported figures of over 100 ft. in 50 min. 
(gross time) drilling in soft sandstone. 

The BBD 41 WK has been thoroughly tested out 
on Swedish hydro-electric projects and in French and 
Italian mines, and in fact the Harrsele tunnelling 
record referred to in an Editorial Note in our Feb- 
ruary issue was achieved with this drill. 

The second machine to which our attention was 
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Fig. 3. The BBD 11 LTS scaler 


drawn was the BBD 45 WR (Fig. 2), which has been 
designed for roofbolting, and combines the three 
operations of drilling the hole, driving the roofbolt, 
and tightening the nut, in the one machine. No impact 
wrench is required. Unlike an ordinary stoper this drill 
has right-hand rotation. To obtain the required torque 
the drill has down-stroke rotation, with the rotation 
chuck and chuck bushing joined together to give a 
better resistance to the torque that arises with tighten- 
ing the bolt. Water flushing is automatic, but a separ- 
ate cock must be fitted to the water hose to turn off 
the water when driving in and dogging the bolt. 

The hole is drilled by using the roof bolter as a 
stoper and drilling with Standard Sandvik Coromant- 
tipped steel of a suitable gauge. The time required 
for drilling a 6 ft. hole for a ? in. bolt is about four 
minutes in hard rock. For impacting the bolt a shank- 
hammer is fitted to the rockdrill. The roofbolt expan- 
der is split by a series of rapid blows on the projecting 
end of the bolt. Tightening the nut is carried out with 
a hexagon socket adapter, the shank of which is 
designed to transmit the torque of the bob rotation, 
but not the piston impact. The torsional pull exerted 
on the nut is about 250 ft. lb., or more than adequate 
for any mine bolting job. 

We were also shown two variants of the BBD 11 
LT light jackhammer drill, introduced in 1953 for 
short-hole drilling, boulder blasting, scaling, etc. By 
replacing a conical spring, rotation pawl, driver and 
rotation ratchet the BBD 11 LT can be converted to 
the BBD 11 LTS, which, with a support, is used for 
scaling roofs and walls (Fig. 3). In this form it weighs 
184 Ib. and uses 46 cu. ft. of air per minute. 

The other variant is the BBD 11 WH, which incor- 
porates a new backhead with double-handed handle 
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and a front head with standard rotation chuck and 
spring steel holder. It is designed for minor blasting 
work. It weighs 23 Ib. and uses 43 cu. ft. per min. 

A new type of drill steel (type SR) is now available 
as a result of research and development work carried 
out by the Sandvik Steel Works and Atlas Copco. 
This steel has much greater strength than before, 
which is achieved by subjecting the steel to anti- 
corrosive treatment which greatly increases the fatigue 
strength of the matefial. The outside of the drill steel, 
as well as the flushing hole, is protected against cor- 
rosive attacks by means of this new treatment. SR 
drill steels are also provided with airtight plastic caps 


on the bit and collar ends as a further protection dur- 

ing transport and storage. 

The improvements claimed for the new Coromant 

SR drill steels may be summarised as follows:— 

1. The working life of the steel is considerably 
lengthened. Tests have shown in many cases a 
figure of 30 per cent. being achieved. 

2. The drill steel is protected against corrosive attacks 
while in use as well as during transport and storage. 

3. The outside of the steel is protected against water 
drippings. 

4. The largest possible flushing hole is provided, per- 
mitting a higher drilling rate with less bit wear. 


New Allis-Chalmers Tracto-Shovel 





Allis-Chalmers HD.SG Tracto-Shovel 


The Allis-Chalmers Tracto-Shovel, Model HD.SG, 
introduced in 1948, has been superseded by a new 
model, the 14 cu. yard capacity HD.6G. The bucket 
is of the “two-position” type. This means that it can 
be used either as a tip-back bucket with power 
crowding action or, as normal, as one which will 
return automatically to the correct digging angle when 
lowered to the ground. 

Six track rollers, of the Allis-Chalmers 1,000 hour 
lubrication type, are fitted on the HD.6G, and the 
length of the track on the ground is 6 ft. 11} in., 6 in. 
longer than that of the HD.SG. The drawbar pull is 
12,650 Ib., which is 2,600 Ib. greater than the HD.5SG. 
As in the three larger tractors in the Allis-Chalmers 
range, the power unit is an Allis-Chalmers four-stroke 
diesel engine, producing 57 b.h.p. 

The hydraulic system incorporates a magnetic plug 
and strainer in the suction pipe and two cartridge 
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filters in the return line to the tank. The reservoir tank 
is situated at the operator’s right hand and is easily 
accessible for servicing all three of these filters. 

Two new features are incorporated in the HD.6G— 
the heavy steel “wrap around” radiator guard and 
the ceramic master clutch lining. This latter feature 
was introduced on the HD.9G and plays a big part in 
lengthening the time between clutch adjustments, and 
also overall clutch life. 

The track links are manufactured by a new process 
and are similar in design to those fitted to the other 
new Allis-Chalmers tractors. The blank forgings are 
first fully heat-treated and then the bores are annealed 
by a new electronic process which permits extremely 
accurate machining. This in turn gives perfect align- 
ment of the track links and greatly increases their life. 
The British distributors for this machine are Mackay 
Industrial Equipment Limited, Feltham, Middlesex. 


WATER POWER Apri! 1956 





ay as 


















Abstracts from the 
World Technical Press 


Stilling Basin Design 
This report, reproduced from Design Bulletin No. 2 
of the Prairie Farm Rehabilitation Administration, 
Engineering Services Branch, describes the theoretical 
background and experimental procedure used in a 
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study of outlet transitions and stilling basins for a 
single-barrelled circular conduit. The investigation was 
undertaken for the specific purpose of evolving and 
standardising a hydraulic design procedure for this 
type of structure, and provides a highly valuable con- 
tribution to the study of supercritical jet spreading. 
The diagram appended shows the model on which the 
experiments were carried out. The design evolved has 
proved entirely satisfactory within the limitations 
specified, and is believed to be the most suitable in the 
interests of economy and performance. (C. D* Smith. 
M.E.I.C., The Engineering Journal, Vol. 38, No. 8. 
August, 1955, p. 1063, 7 pp., 8 ff.) 


























The Jablanica Cooling-Water System 


A description is given of an extensive water-cooling 
system in operation at the Jablanica hydro-electric 
power station, where water collected from the draft 
tubes of the turbines cools six 31 MVA alternators 
together with their solidly connected 6-3/110 kV trans- 
formers, six compressors feeding the air vessels of the 
turbine governor systems, all the bearings of the 
generating sets, and two 8 MVA 110/35 kV regulating 
transformers. Water is also fed from the same source 
to the air-conditioning system, sanitary and fire-pre- 
vention equipment. In the case of a failure in the cool- 
ing-water system, a three-compartment concrete tank 
of about 300 cu. m. capacity, acting as a standby, en- 
sures automatically the supply of cooling water. 
(Zarko Stefanovic, Elektrotehniski Vestnik, Vol. 
XXIII, No. 7/8, July-August 1955, pp. 223/224, 2 ff.) 


Rock Tunnelling in Sweden 


A detailed survey is given of three instances of 
large-scale rock tunnelling in Sweden: the Harresele 
and Stornorrfors tunnels in conjunction with hydro- 
electric developments, and the “ leviathan-size rabbit 
burrow ” which is to serve as a garage in peace and an 
air-raid shelter in wartime. Both at Harresele and 
Stornorrfors, the news-making element is the tailrace 
tunnel with an excavation volume of 1,113,500 and 
1,900,000 cu. yards which, with the underground 
power house and appurtenant works added, will rise 
to 1,300,830 and over 2,000,000 cu. yards respectively. 
The 2,691 sq. ft. cross section of the 11,154 ft. Harre- 
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sele tunnel is being attacked with a full-face top head- 
ing of 1,410 sq. ft., after which the remaining 26 ft. high 
bench of 1,410 sq. ft. will be removed by wagon drilling 
and blasting, work proceeding from both ends. At 
Stornorrfors, the 24 mile long tunnel, 3,875 sq. ft. in 
cross section through—a world record—will be ex- 
cavated in three stages: a top heading of 1,720 sq. ft. 
followed by two benches of about 1,100 sq. ft. each: 
the heading will be driven full length before benching 
starts. As to tunnelling speed, at Harresele, the entire 
month of April had been marked by an average ad- 
vance of 24 ft. per 24 hour round of drilling, blasting 
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and mucking, whereupon the total advance in May 
reached 515 ft., and June’s first week recorded 145 ft. 
At Stornorrfors, the best advance recorded so far is 
about 21 ft. per round. While not being in the same 
spectacular class as these gigantic hydro tunnels, the 
new garage-cum-shelter now being built by the 
Swedish Civil Defence Administration in Stockholm 
is none the less an underground excavation of note. 
accommodating 600 cars in three floors and designed 
as an air-raid shelter for 6,000 persons, a capacity 
which, it is said, can be increased to 20,000 in an ex- 
treme urgency. Excavation work, carried off from the 
ramp entrances at either end, followed normal tunnel- 
ling practice, and is now completed; it embodies ex- 
perience which can also benefit underground struc- 
tures erected in connection with hydro-electric 
schemes. (Waldo G. Bowman, Editor, Engineering 
News-Record, Vol. 155, No. 9, Sept. 1, 1955, p. 34, 
8 pp., 11 ff.) 


Non-uniform Flow Resulting from the 
Bursting of a Dam 


The author sets forth a graphical method of com- 
putation of the highly non-uniform flow following 
upon the bursting of a dam. General methods of cal- 
culation dealing with non-uniform flow, such as 
advocated by Saint-Venant, Boussinesq and others. 
would not supply any satisfactory solution to the very 
particular problem arising out of the bursting of a 
dam unless they proceed from the impulse imparted 
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to the flow in such an occurrence. This particular 
problem consists in determining the characteristics of 
the flow at right angles to the dam at the actual 
moment of the burst, or in other words, the initial 
elements of the resulting non-uniform fiow. The pro- 
cedure worked out by the author is explained and 
supported by a numerical example which refers to the 
bursting of the Medzuvrchie dam on the western 
Morava River, Yugoslavia, and defines more accu- 
rately the technique and details of the computation. 
The comparison of some of the calculated results with 
the experimental results obtained on small-scale 
models, especially with regard to the safety factor, does 
not show any divergence exceeding 10 per cent. (Léon 
Levin, Revue Générale de I' Hydraulique, Vol. XVIII, 
No. 72, p. 297, 19 pp., 21 ff.) 


India Hydro Topics 

In addition to a verbatim reprint of the first Graham 
Clark Lecture delivered by Sir Harold Hartley last 
May in London on “ The Engineer’s Contribution to 
the Conservation of Natural Resources,” the under- 
mentioned journal contains the following articles of 
hydro-electric interest: “Studies in the Diversion of 
Sutlej River at Nangal Dam by means of Models, and 
a Comparison of the Model Results with Prototype 
Observations,” by Dr. H. L. Uppal, T. D. Gulati and 
B. D. Sharma; “Flood Control Projects in Second 
Five-Year Plan,” by the Indian Ministry of Irrigation 
and Power: “Role of Forests in Flood Control” 
“ Bhakra-Nangal Project”; “Problems of Israel's 
Reservoir Projects ”; “ Central Construction Organisa- 
tion.” Editorial. (Jndian Journal of Power and River 
Valley Development, Vol. V, No. 10, October 1955, 
29 pp., 20 ff.) 


Presoaked Fill for Oahe Dam 


The procedure and equipment used to prepare the 
soil for compaction into Oahe dam are described. 
Almost five million cu. yards of water is to go into the 
78 million cu. yards of soil that will be the world’s 
largest rolled-earth dam. This uncommon method was 
found necessary to bring the embankment material to 
the moisture content responding best to compaction. 
owing to the average moisture deficiency of 9 per cent. 
caused by scamcy rainfall. The four-stage contract for 
the dam was awarded in July, 1950, to three different 
contractors. At stage I, the technique of watering 
down the lifts of earth by sprinkler trucks proved both 
unsatisfactory and expensive and was replaced, in the 
second season, by presoaking at the borrow pit, which 
was then in the relatively flat area of the discharge 
channel, so that the familiar technique of ponding by 
means of dykes was easy to apply, sprinkling being 
used again in the final phase of the contract. Ponding 
was out of the question at stage II because of rough 
terrain, and a subcontractor prewetted 1-9 million cu. 
yards of soil in two weeks by the sprinkler system. At 
stage III, still in progress, the overhead sprinkler 
system was applied, regardless of terrain, to prewet 
7 million cu. yards of excavation. Stage IV, latest of 
the earthwork contracts, which went to the same con- 
tractor as stage II, saw over 59 million gallons of 
water introduced into the borrow bits, and an addi- 
tional 30 million will be needed to complete the con- 
tract, the only one of the four dealing with work on 
the left bank of the Missouri River. A barge-mounted 
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turbine pump initially lifts 1,000 g.p.m. through 
1,500 ft. of 8 in. pipe to a desilting basin 90 m. above 
the surface of the Missouri River. Thence a 6 in. cen- 
trifugal pump lifts the water 150 ft. through 900 ft. of 
8 in. pipe, then into parallel lines 6 and 5 in. for 
300 ft. to a booster pump delivering to a second 
booster unit which pumps through 1,000 ft. of main 
line to which the sprinklers are attached. Experience 
gained at Oahe dam tends to show that the overhead 
sprinkler system is the best overall method. (Engineer- 
ing News-Record, Vol. 155, No. 9, Sept. 1, 1955, 
pp. 46 and 48, 2 ff.) 


Water-Power Machines at Munich Museum 


The highly interesting collection described in this 
report gives an excellent picture of the evolution of 
water-power machines extending from old waterwheels 
to the latest turbine design. The transition from water- 
wheel to turbine is perhaps best illustrated by an old 
Roumanian spoon-wheel which used to drive a flour- 
mill near Sibin; this vertical-shaft all-wood contrap- 
tion, still in perfect working condition, revolved under 
the action of a water jet on the spoons or shallow 
buckets fitted on to its periphery. The progress of tur- 
bine governing is also well displayed by the mechani- 
cal and hydraulic governors included in the collection. 
(Prof. Dipl. Ing. L. A. Haimerl, Wasserwirtschaft, Vol. 
46, No. 1, October 1955, p. 16, 7 pp., 12 ff.) 


CLASSIFIED ADVERTISEMENTS 


Announcements fer this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY 


ENGLISH ELECTRIC COMPANY'S 
BURSARIES IN HYDRO-POWER ENGINEERING 


NOTICE IS HEREBY GIVEN that a number of English 
Electric Company Bursars in Hydro-Power Engineering 
will be elected in June, 1956. The Bursaries are of the value 
of £460 for one year tenable for postgraduate study in the 
Civil Engineering Department of the Imperial College. 
Bursars pay the appropriate College Tuition Fee. 

Bursars who successfully complete the course will be 
eligible for the award of the Diploma of the Imperial 
College (D.I.C.). 

Candidates should have an Honours Degree in Engineering 
or an equivalent qualification, and applications should be 
received before Ist June, 1956, by the Deputy Registrar, City 
& Guilds College, Exhibition Road, London, S.W.7, from 
whom further details may be obtained. 


Appointments Vacant 


CONSULTING ENGINEERS REQUIRE: 

(1) Resident Engineer 

(2) Clerk of Works 

for construction of water supply scheme in North Borneo. 
Tour 12 to 18 months. Apply stating age, qualifications and 
experience to Sir Bruce White, Wolfe Barry & Partners. 1. 
Lygon Place, S.W.1. SLOane 0431. 


NATIVE FREELANCE TECHNICIAN-TRANSLATOR 
sought — German and Italian for occasional jobs. 
Write Hamilton Gibson, 19. Old Queen Street, London. 
S.W.1. 


HYDRO-ELECTRIC PLANT ENGINEER required for 
overall supervision of site erection and progress of water 
turbines, alternators, cranes and ancillary piant in Scotland. 
Commencing salary according to experience and qualifica- 
tions. Apply Kennedy & Donkin, Alliance House, 12, Caxton 
Street, S.W.1., quoting Ref.: HH. 
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IN CANADA AND NEW ZEALAND... 
IN BOLIVIA AND BRAZIL... 





Sixteen-foot diameter, 
120,000 h.p. Francis 
runner on 42/52 foot 
boring mill (from rear). 
The addition of this 
boring mill in a new 
shop extension has in- 
creased by about 50% 
the Dominion Engi- 
neering Works capa- 
city to handle large 
hydraulic turbine 
contracts. 















DOMINION ENGINEERING HYDRAULIC TURBINES 


Half the tremendous volume of water power developed in Canada has been harnessed by 


Dominion Engineering Hydraulic Turbines. So too have hundreds of thousands of horse 


power in widely-scattered lands around the world. 


Since 1945, the Company has taken orders for hydraulic turbines totalling over 
5,800,000 horse power. More than 1,400,000 horse power of this total represents tur- 
bines for export to such countries as Brazil, New Zealand, Ceylon, Bolivia. The facilities 


and experience which have achieved this record are at your service anywhere in the world. 


WRITE FOR GENERAL BULLETIN NO. 201 ON DOMINION HYDRAULIC TURBINES 
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Glenfield Control 












at the DAM 
and INTAKES 


Whether it is “surface” or “sub- 






merged” control Gates for barrages, dams or 






intakes; Screens and Rakes for tunnel or tur- 







bine inlets; emergency Gates for flood release 


culverts, or intakes; or Valves for points of 






free discharge; all requirements can be met 






from the Glenfield ranges of such equipment, 






which has for long been supplied for impor- 






tant Hydro-electric schemes in many parts of 
the world. 





Valve Specialists and Hydraulic Engineers 
for more than a hundred years ' 
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AGLENFIELD & KENNEDY. LIMITED. KILMARNOCK 















Head Office & Works : 
KILMARNOCK 





SCOTLAND 
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For consistently-maintained output 
figures, with remarkable freedom from _ stoppages 
for any mechanical cause, SMITH UNIVERSAL 
EXCAVATORS have earned themselves the highest of 
reputations throughout the world. Judged on_ per- 
formance and length of working life Smith machines will 
stand comparison with any in their particular size and 


capacity ranges. 





The range comprises the Smith ‘8’ (8 cu. ft. 
capacity), the Smith Super-10 (3 cu. yd. capacity) 
and the Smith ‘21° (} cu. yd. capacity). 

Smith Excavators can quickly be adapted for 
various types of duties by means of easily fitted 
interchangeable front end equipment, and will 
function as face shovel, dragshovel, dragline, 
skimmer, crane, grab crane or piledriver, thus 
being practically unlimited in the scope of their 
usefulness. 

All Smith Excavators are fitted with diesel engines 
of reputable make, specially suited for excavator 
duties. Electric starters are fitted as standard to 
ensure rapid and easy starting. Other features 
include a wide arc of vision for the operator, 
controls grouped conveniently to hand, wide tracks 
with consequent low ground pressure, robust 
buckets with wear-resistant steel teeth, and many 
other essential features. 


XCAVATORS 


THOMAS SMITH & SONS (RODLEY) LTD, CRANE & EXCAVATOR WORKS, RODLEY,LEEDS,ENCLAND 
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A typical installation of RapieR Gates for the Spillway at the dam 
for Pollophuca Power Station on the River Liffey, Eire. 


Water Control Gates | . 
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Photograph reproduced by kind permission of The English Electric Co. Ltd. 
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and water turbines bearing the 
name of ARMFIELD will give you 
years of smooth efficient service, 
driving mechanical or electrical 
equipment developing the power 
you need. Water turbines are 
proving invaluable to Agri- 
culture, Industry and _ Public 
Services, in their constant en- 
deavour to improve the standard 
of living of the people through- 
‘ out the World. If there is water 
on your estate, or near your 


town, consult ARMFIELD. 


CONSULT 








6 





you can have 


POWER... 






PLANTATIONS 


A simple efficient hand controlled 
turbine driving a_ factory mill 
shaft on your tea or rubber 


estate ! 





MUNICIPALITIES 


Turbine driven pumps for fresh 
water, or sewage or a_ small 
power station for the © street 


lighting in your town! 





UNIVERSITIES 


Up-to-date scale models’ of 
modern hydraulic turbines to 
prepare your Students for the 
ever increasing field of Water 
Power Engineering. 
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INDUSTRIAL 


Main Turbo-generators up to 
1,000 kW or house sets for power- 


ful modern power stations 


throughout the world. 


ARMFIELD 


ware _— 


THE ARMFIELD HYDRAULIC ENGINEERING CO. 
RINGWOOD, HAMPSHIRE, ENGLAND 

























Phone : Ringwood 760 Grams: Hydraulics, Ringwood 
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Kuljian has designed, engineered, and supervised 
construction of power plants the world over... with total electric ‘ 
generating capacity exceeding a 











fo 
it 
KILOWATTS ! ’ 
j j . ri 
in 
AST power projects throughout the world—more than seventy in all— su 
attest to The Kuljian Corporation’s reputation as specialists in hydro- IC 
electric, steam, and diesel power plant design and construction. These plants 5] 
; ; ‘ , : ar 
represent a total generating capacity of over 2,000,000 kilowatts... a total ee 
investment of over half a billion dollars. o 
Behind every Kuljian project lie the combined skills and experience of a ar 
complete staff of internationally recognized experts in every phase of water Th 
resource development. No matter where your next project might be. The . 
Kuljian Corporation is fully prepared to undertake efficiently all phases of = 

design, engineering, and construction supervision to help bring about the 
quick, economical solution to your specific problem. FL 
We invite your inquiry for detailed information. € 
Por 

SCOPE OF KULJIAN SERVICES 

SURVEYS * INVESTIGATIONS * REPORTS * WATER RESOURCE DEVELOPMENT © RESERVOIRS & DAMS * POWER 
GENERATION & UTILIZATION * TRANSMISSION & DISTRIBUTION SYSTEMS * PUMPING PLANTS & PILTRATION PLANTS # “ 
TUNNELS & AQUEDUCTS * HYDROLOGY & GEOLOGY " 

er 
ee a 
"ae . 
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engineers - constructors A 

1200 No. Broad St., Philadelphia 21, Pa., U.S.A. 
BRANCH OFFICES THROUGHOUT THE WORLD Man 
WATER POWER April 1956 WA 









ER 
5° 


956 








= $ 


. 
«* 


1 /* Ly | 
Bmar | 
- sd 


They used compressors like these at Canicada, because... 


la @ at 





Atlas Copco AR type Compressots give more ait 
to the h.p. than other machines of their class 


Choose an Atlas Copco AR Compressor 
and rely on it to deliver more air, h.p. 
for h.p., than any other compressor of 
its class. These machines have been de- 
veloped with the aim of low fuel and 
running costs. Take the AR 3 featured 
in the table below. Its power con- 
sumption at 100 Ibs. per sq. in. is 
105 h.p. The supply of free air is 
570 cu. ft. per min. To get the same 
amount of air from other compressors 
would require an additional 15 h.p., 
but 15 h.p. never used mean an 
annual saving on fuel bills of £270. 
That amount represents approxi- 
mately one-fifth of the initial cost of 
the AR3. In five years, that’s your 
money back! 


FLEXIBLE AIR SUPPLY 


Three-step valve unloading control on 
smaller models or five-step clearance 
pocket control on larger sizes permits 


PERFORMANCE FIGURES OF ATLAS COPCO AR COMPRESSORS 


flexible adaptation to variations in air 
demand. 


LOW DISCHARGE TEMPERATURES 


Amply-dimensioned water pockets, the 
two-stage design and streamlined air pas- 
sages give discharge temperatures below 
270°F. at 100 Ibs. per sq. in.—compared 
with 475°F. from single-stage machines. 
Lower temperatures mean longer valve 
life and elimination of air receiver and 
pipe-line explosions. 


EXTRA-SOLID CONSTRUCTION 


High-class Swedish steel throughout; 
amply-dimensioned parts reduce stresses 
to a minimum; crankshafts carried on 
SKF roller bearings; cross-head design 
with ground or white-metal lined bearings 
eliminates wear. 


EASE OF INSTALLATION 
Right-angled, double-acting cylinders com- 


bined with counterweighted crankshaft 
provide a low weight/capacity ratio and 











Ss Low-pressure] Free air Power Cooling water | 
Type —_ vores spel piston dis- delivery at required at | ssid at Weight 
: = we are gt gle placement | 100Ibs. /sq. in.| 100Ibs. /sq. in.| 60° F approx Ibs 
q. in.) F-p-m. | cu. ft./min.| cu. ft./min. h.p. gal. /hr. 
| j ——— — . sihcipatciaiaitaetiibindieats 
AR | 120 | 600 404 330 62 310 2860 | 
AR 3 120 | 500 718 570 105 | 506 5280 
AR 4 120 429 915 760 138 | 682 5610 | 
AR 5 120 375 1230 | 1000 185 880 9020 | 
AR 7 120 333, | 2120 | 1750 | 320 1540 |14520 | 
AR 9 120 300 | 4020 3220 | 587 2926 |26400 | 
THE A €& 8G cA rc ee Go kK O U P O F 
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good balancing, reducing foundation re- 
quirements. So good indeed, most models 
can be mounted on a skid underframe and 
used as semi-portable units without any 
foundation or bolting down. 


The Atlas Copco Group puts compressed 
air to work for the world. It embraces 
thirty-one Atlas Copco companies and 
twenty-four agents, manufacturing or sell- 
ing and servicing Atlas Copco equipment 
in more than 50 countries throughout the 
world. 


Write to the most convenient of the 
addresses given here: 

UNITED KINGDOM, Atlas Copco 
(Great Britain) Ltd., Wembley, Middx.; 
FRANCE, Atlas Copco France S.A., 29 
Rue Marbeuf, Paris 8e; HOLLAND, 
Atlas Copco Holland N.V., P.O. Box 
6056, Rotterdam; ITALY, Atlas Copco 
Italia, S.p.A., Viale Marche 15, Milan. 


CANADA, Atlas Copco Canada Ltd., 
Montreal, A.M.F., P.Q.; AUSTRALIA, 
Atlas Copco Australia Pty., Ltd., P.O. 
Box 54, Auburn, N.S.W.; SOUTH 
AFRICA, Delfos & Atlas Copco (Pty) 
Ltd., P.O. Box 504, Benoni, Transvaal; 
U.S.A., Atlas Copco Pacific, Inc., 930 
Brittan Avenue, San Carlos, California; 
Atlas Copco Eastern, Inc., P.O. Box 2568, 
Paterson 2, N.J. 


Readers in countries outside those listed 
above and who do not know the name of 
their local Atlas Copco company or agent, 
please write to Atlas Copco AB, Stock- 
holm 1, Sweden. 


COMPANIES 


Manufacturers of Stationary and Portable Compressors, Rock-drilling Equipment, Loaders, Pneumatic Tools and Paint-spraying Equipment 
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for overhead 
power transmission 


Strand in hard drawn 
Copper and Cadmium 
Copper, also Steel 
cored Aluminium to 
relevant British 
Standards. 


FREDERICK SMITH & COMPANY 
ANACONDA WORKS - SALFORD 3 -: LANCS 
BARE AND INSULATED ELECTRICAL' CONDUCTORS OF ALL TYPES 


THE LONDON ELECTRIC WIRE COMPANY FREDERICK SMITH THE LIVERPOOL ELECTRIC VACTITE WIRE 
AND SMITHS LIMITED & CO. CABLE CO. LTD. co. LTD. 
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SUBSCRIPTION ORDER FORM 





Beginning with the next issue please post your Journal monthly 


for one year. 





Subscription Rate is 35s. per annum post free 


33 TOTHILL STREET, WESTMINSTER, LONDON, S.W.1 
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When it comes to the construction and installa- 
tion of ropeways and cableways, years of ex- 
perience under a wide variety of conditions has 
given us an unusually keen insight into the 


NY 


ICS 


problems involved ... if you have a similar 


problem we shall be pleased to co-operate. 


IMPERIAL HOUSE, DOMINION STREET, LONDON, E.C.2 


Telephone: MONarch 7000 (20 lines) 
CT. 1584 














Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 
in Tunnels, Pipe Lines and at Turbines. 
WATER LEVEL 
at Dams and in Surge Shafts for all depths and conditions. 
PRESSURE RECORDERS, ETC. 
backed by over 20 years’ experience in this specialised field, 
can be supplied for local or remote operation. 
The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 
« * * ? 
The British Pitometer Co.Ltd 
(ASSOCIATED WITH GLENFIELD & KENNEDY, LTD.) 
105, PARK STREET, LONDON, W.I. 
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Hydro-Electrification 


Scheme—Ceylon 


Installation of 


Haulage Gear 
at 


Norton Bridge 
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41-7 Telegrams & Cables HAULING BIRMINGHAM? 


Telephone EAST 20¢ 

















THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is ‘* Read wherever there 
are Railways.’’ Weekly 2s. Annually £4 10s. by post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel- 
engine design, practice and maintenance and diesel railway 
traction operation. Menthly 2s. 6d. Annually 30s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £4 10s. by post. 


POWER AND WORKS ENGINEERING 
Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and all engineering plant problems. Monthly 
2s. 6d. Annually 35s. by post. 


COLLIERY ENGINEERING 
A practical journal! dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annuolly 35s. by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 30s. by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 32s. by post. 


TOTHILL PRESS LIMITED 33, Tothill Street, Westminster, London, S.W.!. 





NEW COMMONWEALTH 
Describes and iliustrates significant developments In pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Fortnightly 2s. Annually 
50s. by post. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. !t is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually 35s. by post. 


ARCHITECTURE AND BUILDING 
A journal for practising and salaried architects, building 
contractors, designers and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 30s. by post. 


woopD 
*“Wood "’ is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 30s. by post. 


FOOD 
A journal devoted to the manufacture, packaging and marketing 
of processed foodstuffs. Monthly 2s. 6d. Annually 35s. by post. 


WATER POWER 
A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually 35s. 
by post. 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods 
of prospecting. the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 30s. by post. 
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It will pay you to 


HIRE 
ANDERSON DERRICK GRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 


Lifting Capacities : 2 to I5 tons 
jib Lengths: 80 to 130 ft. 


from the people who give best service 


5-ton Electric Derrick Crane x 130-ft. Jib. 


THE A.C. PLANT & HIRE Co. Ltd. 
TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 


Sole Agents for England, Wales & Ireland : Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RlVerside 5203/4 


Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. Tel.: Carnoustie 2214/5 


Pejeat 





MILLARS?’ 


WELLPOINT 
SYSTEM 


Millars’ have a long and wide experience of draining water- 
logged sites. This ‘*know-how"’ plus Millars’ WELLPOINT 
Dewatering Equipment can show tremendous saving in 
time, labour and plant when water holds up excavation 
Correctly used, Millars’ Wellpoints will function in 
running sand or waterlogged conditions so effectively 
that 20ft. deep trenches or foundations can be excavated 


TOMORROW without timber where sides can be battered 
MILLARS’ MACHINERY CO. LTD. 


Thorley Works, Bishop's Stortford, Herts. 
Tel: Bishop's Storeford 694-5. Grams: Millars, Bishop's Stortford. 





Wellpoint Department: Cromford House, Cromford Court, 

Manchester, 4. Tel: Blackfriars 8813-4. Grams: Milamix, Manchester. 

London Office: Pinners’ Hall, Great Winchester Street, London, 

E.C.2. Tel: London Wall 4266-9, 4260 & 1521-5. Grams: Milamix, 
Stock, London. 


Agents and Associated Companies throughout the World 
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Mydrodynamic 
% Research... 








XG STOR many years Richard Costain Limited have played a major 

part in British research laboratory construction and were the 
main contractors to the Ministry of Works, for the Admiralty 
Research Laboratory recently opened at Teddington. An import- 
ant item of new research equipment is housed under a domed 
structure 160 ft. in diameter, which compares with the 112 ft. 
diameter dome of St. Paul’s Cathedral. An annular water channel, 
below a 60 ton rotating beam, has a capacity of over one million 
gallons. All the underground reinforced concrete of the walls and 
tank is gap-graded and pattern vibrated, and designed to withstand 
water percolation without a waterproofing agent or asphalt tanking. 


















The illustrations show : 

(1) The domed structure adjoining 
the new laboratories. 

(2) The annular channel under 
construction. 

3) Interior view of dome and beam. 
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BUILDING & CIVIL ENGINEERING CONTRACTORS + 111 WESTMINSTER BRIDGE ROAD, S.E.1 + Waterloo 4977 
MIDDLE EAST . RHODESIA : NIGERIA . CANADA 
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The Ponte Novo 150 kV air-blast switching station on the River 
Navea, projected by the Spanish Power Company, Saltos del Sil, S.A, 


High voltage air-blast circuit-breakers 


by 


ENGLISH ELECTRIC 


THe ENGLISH ELECTRIC Company LIMITED, QuEENS House, KINGSWay, LONDON, W.C.2 


Switchgear Department, Stafford 
ON . RUGRBY . BRADFORD . LIVERPOOL 





Pe 
> " 





